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NOTE: This site characterization description of groundwater hydrology
(Section D.5) contains many changes from the previous version published in
January 1989 in Volume IIA of the Green River RAP. The January 1989 version
of Section D.5 should be considered obsolete and is superseded by this
document. Other sections of Appendix D have not changed since the February
1988 RAP was issued with the exception of Section D.4. Additional
geotechnical data were reported in the January 1989 Appendix D Supplement,

Site Characterization, Section D.4.



A.1 INTRODUCTION

This appendix is intended to identify and describe the permits, licenses,
and approvals that are likely to be required for the proposed action based upon
the site design-{see Section 4.0 of the text). Other permits, licenses, and
approvals may be required for activities beyond the scope of the Remedial
Action Plan (RAP) or due to modification of the conceptual design.

Procedures for preparing permit, 1license, or approval applications and
agency review processes are outlined in the following sections. The principal
technical and supervisory personnel at the regulatory agencies are listed as
well. The Remedial Action Contractor (RAC) should consider this appendix to
be an introduction to the permitting process while details must be obtained
from the regulatory agencies. Applications must be submitted to Federal,
state, and local agencies depending on the type of permit, license, or
approval sought.

A tentative schedule for regulatory compliance activities (Figure A.1.1)
is included for initial planning purposes. Figure A.1.2 illustrates the
requlatory compliance matrix. The RAC should sequence the preparation and
filing of applications so that approvals will be received in a timely manner
without causing delay to construction activities. Environmental Services
personnel from the Technical Assistance Contractor (TAC) will provide
additional assistance as needed.
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FIGURE A.1.1
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FIGURE A.1.2
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PERMIT: NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT

LEGAL CITATION: Clean Water Act of 1977; 40 CFR 125

AGENCY/CONTACT: Utah State Department of Health
.<"Division of Environmental Health
Bureau of Water Pollution Control
P.0. Box 16690
Salt Lake, UT 84116-0690
ATTN: Calvin Sedweks, Executive Secretary (801) 538-6146
Steven McNeal, Environmental Engineer

PROCEDURE: This permit applies to all operations discharging to waters of the
United States from a point source. Application is made by filing completed
U.S. Environmental Protection Agency (EPA) Forms 1 and 2C under the EPA
Consolidated Permits Program. Information required on Form 1 includes:
(1) Name, mailing address, and location of the facility.
(2) Facility contact.
(3) Standard industrial classification code for the facility.
(4) Existing Federal, state, or local permits.
(5) Map covering an area extending at least one mile beyond thg facility
property boundaries. The map should be based on a 7.5-minute U.S.
Geological Survey quadrangle map.

(6) Description of the nature of the facility.

Form 2C requires the following information:

(1) Location, by latitude and longitude, and number designation of each
effluent outfall.

(2) Name of receiving'water for each outfall.
(3) Schematic flow diagram 1indicating sources of water, operations
contributing wastewater for the effluent water balance, and

treatment processes for each waste stream.

(4) List of each operation, average flow, and treatment related to each
outfall.

(5) Description of the variation and frequency of water flow.
(6) Explanation of any Federal, state, or local implementation schedule

for construction or improvement of wastewater treatment or other
environmental programs.
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NPDES PERMIT (Concluded)

(7) Influent and effluent characteristics:

Pollutants present.

Source of pollutants.

Concentration of pollutants.

Temperature of effluent.

Flow of effluent.

pH of effluent.

Total mass of pollutants discharged in a specified time interval.

C 0o 0O00C0

SPECIAL CONSIDERATIONS: Form C may be used as an alternative to Form 2C in
the application. The conceptual design specifies that a zero discharge
retention pond will be used to receive contaminated water. For this type of
facility, the main purpose in obtaining an NPDES permit is to 1limit the
1iability of the operator for discharges that may result from a very large
precipitation event or other unanticipated event. The EPA and state officials
encourage operators to obtain a permit for a zero discharge facility. Prohibi-
tions of a discharge permit incliude, but are not limited to, the following:

(1) No discharge is allowed that will violate state, regional, or local
Jand use plans unless all requirements and conditions of applicable
Federal and state statutes and regulations are met or will be met
according to a schedule of compliance. Similarly, no discharge is
permitted that by itself or in combination with other pollutants
will result in pollution of the receiving waters in excess of
standards, unless the permit contains effluent limitations and a
schedule of compliance with water quality requirements.

(2) Limits of radiological wastes that may be discharged are determined
by state water quality standards.

(3) No discharge from a point source that s in conflict with an
established water quality management plan promulgated under Sections
201, 208, 209, and 303(e) of the Federal Water Pollution Control Act
of 1972 and the Clean Water Act of 1977 1is permitted unless the
discharge permit contains limitations and a schedule of compliance
approved by the EPA.

The frequency of measuring, monitoring, and reporting is dependent on
specific discharges.

SCHEDULE: The State of Utah will assume NPDES primary from the EPA in
Febuary, 1987. An applicant is to apply for a permit at least 180 days in
advance of the date the discharge is to begin. In some cases, the state may
determine that a site visit or additional information are necessary. In such
a case, the applicant has 60 days to reply.



PERMIT: THREATENED OR ENDANGERED SPECIES CONSULTATION PROCESS

LEGAL CITATION: Endangered Species Act of 1973, Section 7,
16 USC 1531, et seq.

AGENCY/CONTACT:-"U.S. Fish and Wildlife Service
Endangered Species Office
2078 Administration Building
1745 West 1700 South
Salt Lake City, Utah 84138
ATIN: Robert Ruesink, Field Supervisor (801) 524-4430

PROCEDURE: A Federal agency must ensure that any action authorized, funded, or
implemented by the agency is not likely to jeopardize the continued existence
of any threatened or endangered (T&F) species or its critical habitat. The
responsible Federal agency must consult with the U.S. Fish and Wildlife
Service (USFWS) to determine what effect, if any, the proposed action might
have on any T&E species.

In most cases, a letter is sent by the Federal agency to the USFWS out-
1ining the proposed action. If the USFWS determines that no T&E species would
be adversely affected by the action, the USFWS responds stating their finding
and that no further compliance measures are necessary. If the USFWS identi-
fies any T&F species that may be affected, the Federal agency is required to
prepare a biological assessment considering the species identified by the
USFWS, determine any impacts, and recommend appropriate mitigation measures.
The Federal agency will issue a formal opinion of "may effect" or "no effect.”

SPECIAL CONSIDERATIONS: No listed or proposed threatened or endangered plant
or wildlife species are known to occur at the Green River tailings and borrow
sites. However, the bald eagle, peregrine falcon, and Colorado squawfish may
occur near the sites. The remedial action activities are not expected to
affect these species. The Environmental Assessment will serve as the
biological assessment for consultation with the USFWS.

SCHEDULE: After obtaining the 1ist of T&F species from the USFWS, the Federal
agency has 180 days or another mutually agreeable time period to complete a
biological assessment. The Federal agency requests a Section 7 consultation,
and the USFWS is required to issue a biological opinion within 90 days.
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PERMIT: CULTURAL RESOURCE CLEARANCE

LEGAL CITATION: Historic Preservation Act of 1966, 16 USC 470; Executive
Order 11593; and 36 CFR 800

AGENCY/CONTACT:-~'State Historic Preservation Office
Utah State Historical Society
300 Rio Grande
Salt Lake City, Utah 84101
ATIN: Dr. Melvin 7. Smith, State (801) 533-5755
Historic Preservation Officer

PROCEDURE: A1l Ffederal agencies are required to inventory archaeological
and historical resources affected by their undertakings and to protect and,
when necessary, recover significant resources. Prior to initiating surface
disturbing activities, cultural resource clearance should be obtained from the
State Historic Preservation Officer (SHPO). The organization sponsoring the
activity should contract with an approved archaeologist to conduct a site
survey. If a survey of the area has been completed previously, a new survey
may not be required. The survey report should be sent to the SHPO.

SPECIAL CONSIDERATIONS: The discovery of archaeological sites during the
course of Federally assisted, permitted, funded, or licensed construction_or
land alteration must be reported to the Interagency Archaeological Service

1(IAS) of the U.S. Department of the Interior. 1If a previously undiscovered
site is revealed during the course of construction, the official in charge
Should halt construction and request an on-site assessment by the IAS. The

IAS will respond within 48 hours with a professional assessment of the
significance of the site. 1In consultation with agency officials, the IAS

“representative makes an on-site decision for (a) salvage, (b) burial, or (c)
‘destruction of the site. The main office of IAS can be contacted at (202)
272-3750. For more information, see 36 CFR 66.

The archaeological survey of the area around the processing site revealed
two historic trash dumps and no archaeological sites. The two historic
sites are ineligible to the National Register of Historic Places. The borrow
sites have not been surveyed; undisturbed areas should be surveyed prior to
surface disturbance.

SCHEDULE: The SHPO review of archaeological reports involves one to three
months.
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ACTIVITY: NOTICE OF INTENT TO CONDUCT A MINING OPERATION

LEGAL CITATION: Utah Code Annotated: Mined Land Reclamation Act of 1975,
Ammended 1982

AGENCY/CONTACT: ~ Utah State Division of 0i1, Gas, and Mining
No. 3 Triad Center

Suite 350
Salt Lake City, Utah 84180
ATTN: Lowell Brakston, Administrator, (801) 538-5340

Mined Land Reclamation Program
Frank Files, Reclamation Engineer

PROCEDURE: The mining of the borrow sources will require approval by the
State of Utah. Application is made by providing information on form MR-1.
Information to be provided consists of the following:

(1) Mine name and operator.

(2) Name and address of applicant.

(3) Location of mine.

(4) Name and address of surface owner.

(5) Name and address of mineral owner.

(6) Mine plans and maps including contour features, Tlocations of
disposal and stockpile areas, drainage patterns of land affected,
highways and facilities near site, and known drill holes.

(7) Amount of acreage to be disturbed - including access and haul
routes.

(8) Description of mining sequence.

(9) Estimated duration of mining operation. —

(10) Construction and maintenance of access roads.

(31) Prior land use.

(12) Description of soils and their stockpiling.

(13) Description of methods to minimize hazards to public safety.
(14) Grading and revegetation.

(15) Description of impoundments.

(16) Reclamation schedule.

SPECIAL CONSIDERATIONS: The state will simplify the process in this case. No
bonding would be required and there is no application fee. They will place a
few stipulations on the permit, such as leaving 2:1 slopes and revegetation of
the mined areas.

SCHEDULE: 30 days.



ACTIVITY: WASTEWATER TREATMENT FACILITY CONSTRUCTION PERMIT

LEGAL CITATION: Utah Code Annotated 26-15-45 and 73-14-1 through 13.
Wastewater Disposal Regulation, Parts I through VII.

AGENCY/CONTACT:. ~'Utah State Department of Health
Division of Environmental Health
Bureau of Water Pollution Control
P.0. Box 16690
Salt Lake City, UT 84116-0690
ATTN: Steven McNeal (801) 538-6146
Environmental Engineer

PROCEDURE: The Construction Permit is required prior to construction of
wastewater treatment works, or the discharge of wastewater. Application is
made by submitting complete construction plans and specifications in the form
of an engineer's report which shall include:

(1) A brief description of the project.
(2) A description of the location and topography of the site.
(3) Volume and character of wastewater flow in various seasons.

(4) A brief description of the extent of existing and proposed sewers
and sewage treatment facilities in the area.

(5) A description of the treatment plant site, including:

- Distances to residences and commercial deveopment areas.
Topography and layout of proposed facilities.
Flood potential.

(6) Location of wells and surface waters within one-half mile. Resu?ts
of soil boring to determine surface and subsurface characteristics
of any proposed pond areas.

(7) A discussion of the facility design including reasons for the
selection of the treatment process.

The Utah Water Pollution Control Committee considers the recommendation
of the Bureau and approves or denies the Construction Permit application.

SPECIAL CONSIDERATIONS: The regulations are directed primarily at sewage
treatment facilities, however, the regulations also apply to industrial
wastewater treatment. Part II of the regulations contains "Standards of
Quality for Waters of the State" and Part III contains specifications for
"Sewers and Waste-Water Treatment Works."

SCHEDULE: An approved permit is required prior to construction. A ;0— to
60-day review time is needed for permit approval. No public notice is
required.



ACTIVITY: AIR QUALITY APPROVAL ORDER

LEGAL CITATION: Utah Code Annotated 26-15-5 and 26-24-5, 1953 as amended.=\_,/
Utah Air Conservation Regulations (UACR) Part III, Section 3.1

AGENCY/CONTACT: ~ Utah State Department of Health

Division of Environmental Health

Bureau of Air Quality

P.0. Box 16690

Salt Lake City, UT 84116-0690

ATIN: Brent Bradford, Director (801) 538-6108
Montie Keller, Chief
Compliance Division

PROCEDURE: A notice of intent to construct, modify, or relocate an installa-
fion is submitted to the Executive Secretary of the Utah Air Pollution Control
Board. The notice of intent is based upon the following information:

(1) Description and nature of the process(es) and materials hanp]ing
system(s) including a plot plan and process flow chart(s) with a
narrative walk-through of the process(es).

(2) Quantities and types of raw materials used (including fuels) and
production output of each process (normal and maximum pounds/yr).
Include chemical composition, particle size distribution, formula,
and moisture content of the materials.

(3) Chemical composition and physical characteristics of each
effluent/exhaust stream (e.g., particle size distribution, formula, _
moisture content, molecular weight).

(4) Effluent/exhaust loading before (if known or estimated) and after
control equipment/procedure (e.g., grains/dscf, 1bs/hr,  ppm,
grams/sec). Must address all pollutants jncluding those from fuel
combustion operations and from fugitive sources. Special emphasis
must be given to TSP, SOp, NOx, CO, Og, and HC (especially VOC).

(5) Operating schedule (hr/day/yr) for each individual pollution
point/area. In the absence of a schedule, the state will assume 365
days/yr, 24 hr/day.

(6) Known or estimated construction/installation/modification schedule
(start and end dates).

(7) Since best available control technology (BACT) 1is vrequired on
all sized sources throughout the state and for all types of air
emissions, dincluding fugitives, provide the rationale for the
selection of type and efficiency of control equipment and/or
operational procedures used to minimize emissions. For visible
emissions, give expected/guaranteed opacities.



AIR QUALITY APPROVAL (Concluded)

(8) Calculations of emissions (normal and maximum/hr or yr) showing
emission factors used with rationale and technical justification
(state reference). For vehicular emissions include combustion of
fuels.-and haul/access/operational area fugitive dusts and vehicle
miles traveled. For fugitive sources estimate the height of source/
height of pile, area of source and/or dimensions; for roadways give
average moisture and silt content, length, type of surface, and
location/orientation.

(9) Type of compliance stack/exhaust testing to be done by applicant to
show compliance. List/discuss the test points/locations and test
methods selected.

After reviewing the notice of intent, the Executive Secretary issues
an approval order or disapproval order. An approval order authorizes the
commencement of construction.

'SPECIAL CONSIDERATIONS: BACT includes:

(1) Use, where possible, of water or chemicals for control of dugt in
the demolition of buildings or structures, construction operations,
the grading of roads, or the clearing of land.

(2) Application of asphalt, oil, water, or suitable chemicals on djrt
roads, material stockpiles, and other surfaces which can give rise
to airborne dusts.

(3) Paving and maintenance of roadways.

(4) Prompt removal of earth or other material from paved streets onto
which earth or other material has been transported by trucking or
earthmoving equipment, erosion by water, or other means.

SCHEDULE: Approval orders are normally issued within 90 days of receipt of
the notice of intent. The Bureau can grant itself a maximum of three 30-day
extension periods if the review has not been completed within the initial 90
days. A copy of the notice of intent to approve or disapprove is sent to the
applicant and to the directors of Federal, state, or local governing bodies
that may be affected by the proposed air emissions. A copy of the notice of
intent to approve or disapprove is also published in a local newspaper. If
no substantive objections are received within 30 days, a final approval or
disapproval order is issued.
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PERMIT: APPROVAL OF WELL PLUGGING

LEGAL CITATION: Water Laws of Utah, UCA 73-5-9; Administrative Rules for

Water Well Drillers, Utah Division of Water Rights, July 1,
1985

AGENCY/CONTACT: Utah State Engineer's Office
Utah Division of Water Rights
1636 West North Temple
Salt Lake City, Utah 84116
ATTN: Robert Morgan, State Engineer (801) 533-6071
Kent Jones, Distribution Engineer

PROCEDURE: The State Engineer may require that any well be plugged to prevent
pollution or contamination of ground water. Prior to plugging wells, the
State Engineer's Office must be notified to determine the acceptability of
plugging techniques.

SPECIAL CONSIDERATIONS: The following procedures shall be implemented when
sealing monitor wells:

(1) Temporary Abandonment. When any well 1is temporarily removed from
service, the top of the well shall be sealed with a water-tight cap
or seal. If the well is temporarily abandoned during construction,
it shall be assumed that the well is permanently abandoned after 90
days, and a well driller's report will be submitted in compliance
with Section 4.3 of the Regulations for Water Well Drillers.

(2) Permanent Abandonment. Any well that is to be permanently abandoned
shall be filled in a manner so as to prevent the well from being
a channel allowing the vertical movement of water and a possible
source of contamination of the groundwater supply.

(3) Abandonment of Artesian Wells. A cement grout or concrete plug
shall be placed in the confining stratum overlying the artesian zone
so as to prevent subsurface leakage from the artesian zone. The
remainder of the well shall be filled with cement grout, concrete,
or puddled clay.

(4) Abandonment of Drilled and Jetted Wells. A cement grout or concrete
plug shall be placed opposite all perforations or openings in the
well casing. The remainder of the well shall be filled with cement
grout, concrete, or puddled clay.

(5) Abandonment of Gravel Packed Wells. All gravel packed wells shall
be pressure grouted throughout the perforated section of the well
casing. The remainder of the well shall be filled with cement
grout, concrete, or puddled clay.

(6) Plugged Wells. If it is desired to remove the well casing during
abandonment, the well shall be plugged as the casing is removed.
The well shall be plugged with cement grout, concrete, or puddled
clay. In the case of gravel packed wells, the entire gravel section
shall be pressure grouted.
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APPROVAL OF WELL PLUGGING (Concluded)

. Failure to diligently comply with the plugging requirements of the State
~— Engineer constitutes a separate misdemeanor offense for each day of violation.

SCHEDULE: None “specified.

A-13



PERMIT:

CONDITIONAL USE PERMIT

LEGAL CITATION: Emery County Zoning Ordinances

AGENCY/CONTACT: Emery County Attorney's Office

~"P.0. Box 1099
Castle Dale, UT 84513
ATIN: Mark Tanner, Planner (801) 381-2543

PROCEDURE: The County will dissue a Conditional Use permit for the use of
Borrow Site 2. A Conditional Use Permit application js submitted with the
following information:

o~~~ o~
oW N
Nt N S N Nt

The
when the

Legal description.

Purpose.

Size of project (acres).

Existing and intended use of property.
Volume of material to be removed.

County will issue requirements of reclamation and quantity limits
permit is approved.

SPECIAL CONSIDERATIONS: None. An application fee of $100 is required.

SCHEDULE:

Approximately 30 days.
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A.2 CONCLUDING REMARKS

The preceding list of permits 1is considered to be comprehensive. No
other issues or permit requirements have been jdentified which are considered
relevant to the current remedial action plan for the Green River tailings site.

The activities discussed below do not require specific regulatory
compliance or additional permits if the remedial action plan is modified
significantly.

SPILL PREVENTION CONTROL AND COUNTERMEASURES PLAN (SPCC)

If on-site fuel and oi1 storage facilities exceed 1320 gallons, or any
single on-site fuel or oil tank exceeds 660 gallons capacity, the EPA requires
the operator to prepare an SPCC plan meeting the specifications cited in
40 CFR 112 and certified by a professional engineer. No permit is required,
but a copy of the plan must be kept at the fuel storage site and be available
for review by the EPA in the event of a spill or general inspection.

_MONITOR WELL DRILLING

No formal permits are required from the Utah State Engineer's Office

(SE0). The wells should be drilled by a Utah licensed well driller. In

addition, 1location and depth information should be provided to the SEO upon
completion of drilling.

OPEN BURNING PERMIT
Burning between October 31 and May 1 is allowed without a permit. Burning

during the remaining months requires a permit to be issued by the Grand County
Planning Commission.
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APPENDIX B
RADON BARRIER DESIGN




APPENDIX 8

RADON BARRIER DESIGN

The infiltration/radon barrier design will be confirmed or revised during
construction of the disposal cell after the source term for all of the layers
of contaminated materials have been positively identified. Specifications for
the current infiltration/radon barrier design are found in section 2200 and
the related drawings in Appendix F, Final Design. The original calculations
determined that a 12-inch-thick minimum required radon barrier would be ade-
quate to control radon flux to meet the U.S. Environmental Protection Agency
standards (40 CFR 192). The current radon barrier of 36 inches is conserva-
tive because the final source term and quantities are not expected to increase
to the extent that more than 36 inches of radon barrier would be needed.
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C.17 INTRODUCTION

The Uranium Mill Tailings Radiation Control Act of 1978 (PL95-604) gave
the responsibility of developing standards for remedial action to the U.S.
Environmental Protection Agency (EPA). Section 108 of PL95-604 states that
the U.S. Department of Energy (DOE) shall “"select and perform remedial actions
at the designated processing sites and disposal sites in accordance with the
general standards" prescribed by the EPA. The EPA standards state:

"Section 108 of the Act requires the Secretary of Energy to select and
perform remedial actions with the concurrence of the Nuclear Regulatory
Commission and the full participation of any State that pays part of the
cost, and in consultation, as appropriate, with affected Indian Tribes
and the Secretary of the Interior. These parties, in their respective
roles under Section 108, are referred to hereafter as 'the implementing
agencies.'

The 1implementing agencies shall establish methods and procedures to
provide 'reasonable assurance' that the provisions of Subparts A and B
are satisfied. This should be done primarily through use of analytical
models, in the case of Subpart A, and for Subpart B through measurements
performed within the accuracy of currently available types of field and
sampling procedures. These methods and procedures may be varied to suit
conditions at specific sites."

Subpart B consists of standards for cleanup of land and buildings. The
standards applicable to the project are:

"Remedial actions shall be conducted so as to provide reasonable assur-
ance that, as a result of residual radioactive materials from any
designated processing site:

A. the concentration of Radium-226 in land averaged over an area of 100
sqguare meters shall not exceed the background level by more than —-

(1) 5 pCi/g, averaged over the first 15 cm of soil below the surface,
and

(2) 15 pCi/g, averaged over 15-cm-thick layers of soil more than
15 c¢m below the surface.

B. in any occupied or habitable bui]dihg -

(1) the objective of remedial action shall be, and reasonable effort
shall be made to achieve, an annual average (or equivalent)
radon decay product concentration (including background) not to
exceed 0.02 WL. In any case, the radon decay product concentra-
tion (including background) shall not exceed 0.03 WL, and

(2) the level of gamma radiation shall not exceed the background
level by more than 20 microR/h."
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In addition to the EPA standards for buildings, removable surface alpha
contamination shall not exceed those limits stated in the current Uranium Mill

Tajlings Remedial Action (UMTRA) Project Environmental, Health, and Safety .

Plan. These limits will ensure that potential airborne radionuclide concen-
trations will not exceed 10 CFR 20 Appendix B standards and that physical
contact with the surfaces by occupants of the structures will not result in a
measurable radiation exposure.

As indicated earlier, the standards suggest that the implementing agen-
cies determine what methods and procedures will be used to provide “reasonable
assurance" that the standards are met. Reasonable assurance implies that a
site-specific analysis is appropriate where the cost of demonstrating com-
pliance with the standards is to be weighed against the health risks or other
jmpacts associated with leaving areas which slightly exceed the standards.

The sections which follow provide the procedures proposed for use at the

Green River site. Consideration was given to the time required to collect
samples and perform the analyses.
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C.2 BASIS FOR RADIOLOGICAL SURVEY STRATEGY

The Green River site consists of a tailings pile, mill and ore storage
areas, and some areas contaminated by windblown/waterborne tailings. Exca-
vation to remove the tailings and off-pile contaminated material to the
stabilization area will require removal of soil to a depth of several feet
below grade. The disturbed areas will be restored to a grade that will
control the drainage. The fill material will be uncontaminated and will
minimize the potential health effects due to slight residual contamination.

Clean fill may not be required in some of the excavated areas, and resid-
ual contamination may remain exposed at the surface. In those areas where
backfill after excavation is not required, residual contamination will be
removed to the 5 pCi/g limit.
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C.3 REMEDIAL ACTION RADIOLOGICAL SURVEY PLAN

Radiological surveys are performed for three purposes: site characteri-
zation, excavation control, and final radiological verification. Site charac-
terization surveys or pre-remedial action surveys are performed to identify
volumes of material which exceed the standard. The results are used for
planning and engineering design. Excavation control monitoring is performed
as the work is being done to guide and control the amount of contaminated
material removed. Finally, when excavation control monitoring results indi-
cate that there is a high probability that the area meets the standards, a
final radiological survey is carefully performed and the results documented.

C.3.1 SITE CHARACTERIZATION SURVEYS

Field sampling programs conducted by Bendix Field Engineering
Corporation (BFEC) have been used to identify the subsurface boundary
of the tailings pile, as well as the depth and area of the former mill
yvards, ore storage, and windblown contaminated areas. Subsurface
evaluations were performed using gamma well logging techniques and by
analyzing cores from boreholes. In general, boreholes and surface
measurements and samples were made on grids ranging from 100 by 100
feet to 200 by 200 feet. Additional measurements were performed in
areas of radiological interest. The grid points have been identified
by a land survey tied to a state plane survey point and all recordable
data were located by these coordinates.

Radiometric surveys and sampling were conducted in the buildings
at the site. Survey grids of 10 feet were established in each build-
ing. Additional points were added to ensure that a minimum of four
samples were taken in each room. Exposure rate and removable and
nonremovable alpha measurements were made at each grid point. Samples
of the building foundations and associated subsurface soils were
analyzed for Ra-226.

C.3.2 EXCAVATION CONTROL MONITORING

The purpose of excavation control monitoring is to guide the con-
tractor's work through the use of real-time radiological measurements.
It is designed to ensure that the 5 pCi/g (surface) and 15 pCi/g (sub-
surface) standards are met. In addition, it minimizes the possibility
that material meeting the standards is also excavated. Properly per-
formed excavation control monitoring simultaneously ensures that
neither under-excavation nor over-excavation occurs.

Excavation will be monitored by qualified technicians relying
principally on gamma field measurements employing hand-held instruments
such as gamma-scintillation detectors. This technique will only be
used where measurements are not seriously impaired by interference from
nearby tailings deposits. In areas where significant interference
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c.3.4

exists, alternate monitoring techniques will be used. These techniques

s

may include use of a shielded probe gamma-scintillation instrument
(operated in a gross counl mode or in a delta mode) or the immediate
counting of soil samples. In all cases, these techniques will be
routinely calibrated by comparison of the field measurements to soil
samples analyzed in the laboratory and reported on a fully equilibrated
dry-weight basis. Because the standards are based upon average areas
of 100 m¢, the excavation control monitoring will be performed on
areas of this characteristic size as well.

Elevated gamma-ray radiation fields preclude exclusive use of
in-situ monitoring devices to estimate the surface radionuclide concen-
trations in soil on or immediately adjacent to the tailings pile. When
in-situ measurements cannot be performed, the suggested method for
analysis is to take individual or composite samples of soil, seal by
canning, and immediately count the sample by gamma-ray spectrometry.
Errors associated with this approach will be reduced by taking several
samples 30 days prior to starting work to determine calibration factors.
These samples will be counted, then held for subsequent analysis. They
will be counted later after the Ra-226 daughters reach equilibrium.
Analyses of these prepared samples can then be compared to standards.
Several samples will be collected weekly during the remedial action and
analyzed to provide a measure of the varjation of the calibration
factor. :

BUILDING DECONTAMINATION CONTROL MONITORING

Four on-site buildings will require decontamination. The typical
plan requires that in areas of known contamination, as determined by
the site characterization surveys, measurements will be performed after
each decontamination effort to assess the effectiveness of the effort.
For potentially contaminated areas, measurements will be made at a mini-
mum of either 100 percent of the area or at approximately 30 locations
for surface areas of less than 500 square feet. In addition, measure-
ments will be made in previously contaminated areas or other areas
having a high probability of being contaminated.

FINAL RADIOLOGICAL VERIFICATION SURVEY FOR LAND

The final radiological survey will be based or 100 m2 areas,
with a composite sample used to obtain a measure of the average Ra-226
concentration in an area. The radium measurement will be reported on a
dry-weight basis. For measurements based on gamma spectrometry of
radium daughters, full equilibrium will be assured. It is expected
that at least preliminary measurement results will be obtained prior to
backfilling. The error limits for Ra-226 verification measurement tech-
niques must be better than plus or minus 30 percent, at the 95 percent
confidence level.
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The average Ra-226 concentration on each 100 m? area which is
surveyed will be determined by a composite sample composed of nine
15-cm-deep samples of approximately equal mass taken on a uniform
spacing over the survey area. Other sampling protocols may be used if
shown to adequately characterize the mean concentration and if approved
in advance by the UMTRA Project Office.

FINAL RADIOLOGICAL VERIFICATION SURVEY FOR BUILDINGS

Four on-site buildings at Green River will require radiological
verification. The typical plan requires that gamma surveys will be
conducted using an instrument capable of detecting two microR/h above
background. Buildings will be scanned while holding the instrument at
three feet above the floor. Maximum, minimum, and average exposure
rates will be recorded for each room of the buildings. A1l areas where
the exposure rates exceed 20 microR/h above background will be noted.

Alpha detection instruments will be used to monitor surface con-
tamination. A grid system will be constructed for each room of a
structure which has been decontaminated. The grid size will be adjusted
so that a minimum of 30 grid points will be defined by using grid lines
not more than 30 feet nor less than three feet apart. Measurements
will be made at each grid point and other areas of special radiological
interest such as floor drains or areas that were the most highly con-
taminated. Contamination may be averaged over a 10-square-foot area
and compared with the allowable limits, as provided in Section C.1. In
cases where the total contamination is greater than the limits for
removable contamination, measurements for assessing the removable
contamination levels will be made.

Radon daughter concentration (RDC) measurements will be conducted
in areas of the building where previous data indicated elevated radon
progeny concentrations. An annual average radon daughter concentra-
tion will be determined for all structures to assure that they meet the
standard.
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C.4 DATA AND SAMPLE MANAGEMENT

During the cleanup operations, the Remedial Action Contractor will collect
data to support excavation control. Data used in declaring an area adequately
decontaminated -will be documented in a format approved by the UMTRA Project
Office.

Site characterization survey data, excavation control data, and the final
radiological survey data will be collected using procedures and analytical
methods meeting the requirements of the UMTRA Project Quality Assurance Pro-
gram Plan (UMTRA-DOE/AL-400325). A1l data used in describing the final radio-
logical condition of the site, as well as other data as specified by the UMTRA
Project Office, will be provided in a convenient format. Data generated in
the remedial action will be presented in a report documenting the final radio-
Jogical condition of the property. Verification samples will be archived
pending orders for transfer or disposal from the UMTRA Project Office.
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C.5 CERTIFICATION

Certification is a professional judgement by an independent party that
the remedial action has been completed according to the site-specific Remedial
Action Plan and meets the applicable standards.

During the remedial action operations, the Remedial Action Contractor
will make available to appropriate state agencies, Federal agencies, or UMTRA
Project-designated contractors data related to the cleanup. In addition,
samples collected during the cleanup operations may be split for analyses by
these agencies to allow comparison of analytical results. These data, along
with any additional data collected at the discretion of the certifying agent,
will be used in the final certification report.

c-1n



APPENDIX D
SUPPLEMENT, SITE CHARACTERIZATION



Section

TABLE OF CONTENTS

D.5 GROUNDWATER HYDROLOGY .
Introduction .

D.5.1

D.5.2 Site characterization summary

REFERENCES

o O

OCOOODOOOoOO0O o

[S NS RS NS NSRS S, NS,

oo

PO NN N
e s e e s s

@ =D D WM -

[aC It
— O

Summary . . . . . . . . ..
Previous 1nvest1gat1ons ..
Geology and hydrostrat1graphy
Hydraulic characteristics
Groundwatler flow . . . .
Background groundwater qua11ty .
Extent of existing contamination .
Tailings and milling process
characterization . . . . . .
Geochemical conditions .

Groundwater use, value, and a]ternat1ve

supp11es ..

oooooo

ooooo

-
lg
@

o0
| T T T P
[ASHV]
-~ =

oo COOOoODOo OO
|
wnH W WWW NN

|
MNPy O OO

- 0

7
wn
o

D-181



Figure

D.5.1

LIST OF FIGURES

Locations of cross sections, monitor wells, lysimeter,
abandoned boreholes, test pits, and surface water
sampling sites, Green River, Utah, tailings site
Hydrogeological cross section A-A', Green River, Utah,
tailings site . . . . . . . . . . ... ... ..
Hydrogeological cross section B-B', Green River, Utah,
tailings site . . . . . . . . . o . .. ... ...
Hydrogeological cross section C-C', Green River, Utah,
tailings site . . . . . . . . . . . 0 . 000 e e e .
Hydrogeological cross section D-D', Green River, Utah,
tailings site . . . . . . . . . . .. o000 .
Hydrogeological cross section E-E', Green River. Utah,
tailings site . ..

Water table contour map and mon1tor we]]s top
hydrostratigraphic unit, Green River, Utah tailings
site, October 1987

Potentiometric contuur map and monitor wells, upper-middle

hydrostratigraphic unit, Green River, Utah, tailings
site, October 1987

Potentiometric contour map and monitor wells, Tower-middle

hydrostratigraphic unit, Green River, Utah, tailings
site, October 1987 . e e e e e e e e e e
Potentiometric contour map and monitor wells, bottom
hydrostratigraphic unit, Green River, Utah, tailings
site, October 1987 .. e e e e e e e e
Plots of pH vs. mo]ybdenum nwtrate se]enium, uranium,
and sulfate for bottom unit background monitor wells 586,
587, and 818 .
Maximum observed act1v1t1es and extent of gross alpha
contamination in the top hydrostrat1graph1c unit,

Green River, Utah, tailings site .

Maximum observed concentrat1ons and extent of mo]ybdenum
contamination in the top hydrostrat1graph1c unit,

Green River, Utah, tailings site .
Max imum observed concentrat1ons and extent oF n1trate
contamination in the top hydrostratigraphic unit,

Green River, Utah, tailings site .

Max imum observed concentrat1ons and extent of se]en1um
contamination in the top hydrostratigraphic unit,

Green River, Utah, tailings site . .
Maximum observed concentrat1ons and extent of uran1um
contamination in the top hydrostratlgraphwc unit,

Green River, Utah, tailings site

Maximum observed concentrations and extent of ammon1um
contamination in the top hydrostratigraphic unit,

Green River, Utah, tailings site .
Maximum observed activities and est1mated extent of
gross alpha contamination in the upper-middle

hydrostratigraphic unit, Green River, Utah, tailings site .

Page\\_/,

D-59
D-60
D-61
D-62
D-63

D-64
D-65
D-66
D-67
D-68
D-69
D-70
D-71
D-72
0-73
D-74
0-75

D-76



N

Figure
.5.19

= O

.5.20

.5.21

.5.22

LIST OF FIGURES (Concluded)

Maximum observed concentration and estimated extent of
molybdenum contamination in the upper-middle
hydrostratigraphic unit, Green River, Utah, tailings site .
Maximum observed concentration and estimated extent of
nitrate contamination in the upper-middie
hydrostratigraphic unit, Green River, Utah, tailings site .
Maximum observed concentration and estimated extent of
selenium contamination in the upper-middle
hydrostratigraphic unit, Green River, Utah, tailings site .
Maximum observed concentration and estimated extent of
uranium contamination in the upper-middle
hydrostratigraphic unit, Green River, Utah, tailings site .
Diagrammatic cross section of proposed disposal cell and
foundation, Green River, Utah, tailings site. . . . .

Disposal cell cover system, Green River, Utah, tailings site.

Locations of registered water wells in Township 21 South,
Range 16 East, near Green River, Utah . e e e e .

D-iii

D-77

D-78



oo

(SIS, ]
S

.10

1

12

.13

.14
.15

.16

7

.18

.19

LIST OF TABLES

Water quality standards and maximum concentration limits
applicable to the Green River UMTRA Project site
Monitor well data, Green River, Utah, tailings site .
Summary of aquifer hydraulic characteristics,

Green River, Utah, tailings site .
Triaxjal hydraulic conductivities of se]ected rock core
from monitor wells 907, 813, 816, and 818,

Green River, Utah, tailings site

Groundwater e1evat1ons, Green River, Utah ta111ngs s1te
Summary of aquifer hydraulic character1st1cs for

the top hydrostratigraphic unit, Green River, Utah,
tailings site . .

Groundwater flux w1th1n the top hydrostrat1graph1c

unit beneath the present tailings, Green River, Utah,
tailings site . . .

Summary of aquifer hydrau11c character1st1cs for the
upper-middle hydrostratigraphic unit, Green River,

Utah, tailings site .

Groundwater flux within the upper m1dd1e hydrostrat1graph1c
unit beneath the present tailings, Green River, Utah,
tailings site . . .

Summary of aquifer hydrau11c character1st1cs for the
Tower-middle hydrostrat1graph1c un1t Green River, Utah,
tailings site . .

Summary of aqu1fer hydrau]wc character15t1cs for the
bottom hydrostratigraphic unit, Green River, Utah,
tailings site . . . .
Summary of vertical hydrau11c grad1ents beneath

the present tailings pile, Green River, Utah,

tailings site . . . .
Summary of vertical hydrau11c grad1ents beneath

the proposed disposal site, Green River, Utah,

tailings site .

Description of groundwater samp1es, Green R1ver Utah
tailings site . .

Chemical analyses of groundwater Green River Utah
tailings site . .

Background groundwater qua11ty summary for the top
hydrostratigraphic unit, Green River, Utah,

tailings site . . .

Background groundwater qua11ty summary for the
upper-middle hydrostrat1graph1c unit, Green River, Utah,
tailings site . . .

Background groundwater qua11ty summary for the
lower-middle hydrostrat1graph1c unit, Green River, Utah,
tailings site . . .
Background groundwater qua11ty summary for the bottom
hydrostratigraphic unit, Green River, Utah,

tailings site . .. ...

Page .

D-84
D-85

D-86

D-91

D-91

D-92

D-92

D-93

D-93
D-94

D-396

D-166

D-167

D-168

D-169



.22

.23
.24

.25

.26
.27

LIST OF TABLES (Concluded)

Summary of maximum and minimum observed concentrations

in the top hydrostratigraphic unit from tailings seepage,
Green River, Utah, ta111ngs site .

Summary of maximum and minimum observed concentrat1ons

in the upper-middle hydrostratigraphic unit from
tailings seepage, Green River, Utah, tailings site
Permeability test results and phys1ca] properties from
tailings samples, Green River, Utah, tailings site
Chemical analyses for 1ys1meter GRNO] 114 .

Analyses of Cedar Mountain Formation groundwater,

Green River, Utah . . . . . . . ..

Field measured and theoretical redox potent1als (Eh)
controlling uraninite precipitation within the

Cedar Mountain Formation, Green River, Utah .

Field pH, field Eh, total uranium, and saturation 1nd1ces
for Cedar Mountain Formation, Green River, Utah . . . . .
Chemical analysis of batch leaching and column

extraction solutions from tailings, buffer material,

and wind blown soil samples, Green River, Utah

Page

D-170

D-170

D-17
D-172

D-173

D-174

D-175

D-176



0.5.1

D.5 GROUNDWATER HYDROLOGY

INTRODUCTION

The U.S. Environmental Protection Agency (EPA) has established
health and environmental protection regulations to correct and prevent
groundwater contamination resulting from processing activities at inac-
tive uranium mill tailings sites (40 CFR 192). The Uranium Mill
Tailings Radiation Control Act (UMTRCA) of 1978 designated responsibil-
ity to the U.S. Department of Energy (DOE) for assessing the tailings
sites. This assessment includes the following:

o Definition of hydrogeologic characteristics of the environment,
including the hydrostratigraphy, aquifer hydraulic parameters,
areas of aquifer recharge and discharge, potentiometric surface,
and groundwater velocity.

o Comparison of existing water quality with background water qual-
ity and applicable EPA standards. Some discussion of EPA
secondary drinking water quality parameters is included to
define the general quality of the groundwater.

o Definition of physical and chemical characteristics of the
potential contaminant source, dincluding concentration and
leachability 1in relation to migration of contaminants in
groundwater and hydraulically connected surface water.

o Description of water resource wuse, including availability,
current and future use, value, and alternative supplies.

o Evaluation of current impacts to the groundwater system
resulting from uranium processing activities.

On January 5, 1983, the EPA promulgated final standards for the
disposal and cleanup of the inactive uranium processing sites under the
UMTRCA (48 FR 590). On September 3, 1985, the groundwater provisions
of the regulations (40 CFR 192.20(a)(2)-(3)) were remanded to the EPA
by the U.S. Tenth Circuit Court of Appeals. On September 24, 1987, the
EPA issued proposed groundwater regulations to replace those set aside
(52 FR 36000). The DOE has commented on the proposed standards.

Water quality at the Green River tailings site was characterized
and compared with the EPA's proposed groundwater standards for inactive
uranium processing sites (Table D.5.1). The constituents listed in
Table D.5.1 are most commonly associated with uranium mill tailings.
The numerical concentration 1limits associated with the constituents
reflect safe levels for public drinking water and are therefore the
same as maximum concentration limits (MCLs) for EPA primary drinking
water standards. Appendix VIII of the EPA's proposed standards includes
a complete list of hazardous constituents that should be evaluated on a
site-specific basis. These constituents include both organic and inor-
ganic compounds and elements. Section E.3.1.1 of Appendix E contains
a complete discussion of hazardous constituents that are associated
with the uranium mi1l tailings at the Green River site.
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The DOE has characterized conditions at the Green River processing
site and does not anticipate that any changes to the remedial action
will be required when the final EPA standards are issued. Upon issuanc
of these standards, the DOE will reevaluate the groundwater protection_-
plan and determine the need for institutional controls on the public
use of groundwater at the site, aquifer restoration, or other measures,
and take appropriate action to comply with the final standards.

The following sections present details of the hydrogeologic charac-
terization at the Green River site. Appendix E presents an assessment
of future impacts to the groundwater system resulting from the proposed
remedial actions, and a strategy for protecting water resources at the
Green River site. Figures and tables are presented at the end of the
text for ease in reading.

D.5.2 SITE CHARACTERIZATION SUMMARY
D.5.2.1 Summar

To comply with EPA standards for remedial actions at
inactive uranium processing sites (40 CFR 192), the DOE has
characterized the hydrogeology, water quality, and water
resources at the Green River, Utah, designated site. Major
points are summarized below, followed by a detailed discussion
of the site characterization.

o Four distinct hydrostratigraphic units occur within
the upper 200 feet of Quaternary and Cretaceous sedi
ments beneath the site. In decending order these are:—_-
(1) Brown's Wash alluvium (top hydrostratigraphic
unit); (2) shale and limestone of the Cedar Mountain
Formation (upper-middle  hydrostratigraphic unit);
(3) sandstone, siltstone, and conglomerate of the
Cedar Mountain Formation (lower-middle hydrostrati-
graphic unit); and (4) Buckhorn Conglomerate Member of
the Cedar Mountain Formation. The Dakota Sandstone is
present in some areas beneath the proposed disposal
site. These units are underlain by the Jurassic-aged
Morrison Formation.

o Average hydraulic conductivities of aquifer materials
range from a low of 1.6 feet per day (ft/day) in the
upper-middle shale unit to a high of 25.0 ft/day in
the Brown's Wash alluvium. Average linear groundwater
velocities range from 0.08 ft/day to 1.14 ft/day in
the two units, respectively.

o Groundwater flow in the upper- and lower-middle hydro-
stratigraphic units 1is controlled by connected frac-
tures and joints; strong, upward, vertical hydraulic
gradients; and the attitude (dip) and Tlateral extent
of the hydrostratigraphic units. Groundwater flow in
the Brown's Wash alluvium and the upper-middle shale
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unit, where it 1lies beneath the alluvium, is also
controlled by paleo-erosion of the upper-middle unit
near the present tailings pile by a meandering Brown's
Wash channel, and by the subsequent deposition of the
Brown's Wash alluvium.

Background groundwater quality in all four hydrostrati-
graphic units is characterized by concentrations of
total dissolved solids (TDS), sulfate, and chloride
that exceed EPA and state of Utah secondary drinking
water standards. Groundwater in all four units is
classified as Class II based on TDS (TDS greater than
1000 but less than 10,000 milligrams per liter (mg/1)),
but it may be classified as Class III because of the
concentrations of selenium, chromium, nitrate, and
uranium in background samples that exceed proposed EPA
MCLs for these constituents.

Background groundwater quality in the top hydrostrati-
graphic unit is characterized by concentrations of
chromium, molybdenum, nitrate, and selenium that exceed
proposed EPA MCLs and state of Utah primary drinking
water standards (except for molybdenum, which does not
have a Utah standard).

Background groundwater quality 1in the upper-middle
hydrostratigraphic unit is characterized by concentra-
tions of nitrate and selenium that exceed proposed EPA
MCLs and state of Utah primary drinking water
standards.

Background groundwater quality in the 1lower-middle
hydrostratigraphic unit is characterized by concentra-
tions of molybdenum, nitrate, selenium, uranium, and
gross alpha activity that exceed proposed EPA MCLs and
state of Utah primary drinking water standards (except
for molybdenum, which does not have a Utah standard).

Background groundwater quality in the bottom hydro-
stratigraphic unit is characterized by concentrations
of chromium, molybdenum, and selenium that exceed
proposed EPA MCLs and state of Utah primary drinking
water standards (except for molybdenum, which does not
have a Utah standard).

Contamination by tailings seepage is limited to the
Brown's Wash alluvium and the upper-middle shale unit
of the Cedar Mountain Formation beneath the present
tailings pile. Major contaminants introduced by tail-
ings seepage to these units dinclude: molybdenum,
nitrate (chemically reduced, in part due to ammonium),
selenium, uranium, and gross alpha activity.
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o The tailings seepage has been neutralized by the
alluvium and shale bedrock beneath the tailings (the
pH of the groundwater is near 7.0). Uranium concen ‘
trations in the alluvium and shale have not exceedec_~
3.11 mg/1 in any of the wells, while concentrations in
the tailings pore water (lysimeter samples) have been
measured as high as 675 mg/1. Dilution by groundwater
underflow and attenuation, probably as cation exchange
in the alluvium and precipitation in the shale, have
significantly lowered uranium concentrations, as well
as other seepage contaminants, to well below the rela-
tively high concentrations found in the tailings pore
water.

D.5.2.2 Previous investigations

Bibliographies (ONWI, 1985; USGS, 1971-1985, 1972, 1964,
La Pray and Hamblin, 1980; Buss and Geoltz, 1974; Childers and
smith, 1970; Buss, 1951) were reviewed to identify geological,
hydrological, and hydrogeological investigations of the Green
River site and vicinity. A number of regional studies (USGS,
1964; Howard and Love, 1945; Waring and Knechtel, 1936;
Reeside, 1930, 1923; La Rue, 1916) were identified; however,
much of the information contained in these reports is either
outdated or not sufficient to aid in characterizing the hydro-
geology of the site.

Five reconnaissance studies of the Paradox Basin, whic!
contains the Green River site, were conducted as part of a~—~
program to evaluate the po*ential for storage of nuclear waste
in salt deposits (Weir et al., 1983); one of these studies
(Rush et al., 1982) included the area of the Green River
tailings site.

A one-time sampling effort at the Green River tailings
site was conducted by Geochemistry and Environmental Chemistry
Research, Inc. (GECR, 1983). Data from this report are from
sampling and analyses of groundwater and surface water from
background areas, the area adjacent to the site, and the site.
Soils samples were collected and archived, and have not been
analyzed. Because of questionable gquality assurance and-con-
trol on the water sample analyses from the GECR report, the
data were not used for analyses in this report.

An unpublished report by the DOE (1983) on the Green River
site contains the results of drilling, groundwater sampling,
and aquifer hydraulic testing of eight monitor wells; surface
water sampling of Brown's Wash adjacent to and downstream of
the site; and climatological data for the vicinity. Some of
the data from the DOE (1983) report were used in this report.
An engineering assessment (FBDU, 1981) includes site informa-
tion as well as a summary of the milling operations and a
history of the Green River site.
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D.5.2.3

Hydrogeological data, including borehole logs, well
completion records, groundwater elevations, aquifer hydraulic
parameters, and water quality data, were collected at the Green
River tailings site by the DOF during three drilling and test-
ing phases from the fall of 1985 to the fall of 1987. Much of
this information was included in an environmental assessment
of the Green River tailings site (DOE, 1988a). All field
and laboratory procedures and calculations were performed in
accordance with the DOE's Standard Operating Procedures as
contained in the Albuquerque Operations Manual (DOE, 1985).

Five two-inch diameter polyvinyl chloride (PVC) monitor
wells, 28 four-inch diameter PVC monitor wells, and three
two-inch diameter, low-carbon, galvanized steel well points
were installed to characterize the Green River tailings and
proposed disposal sites. The depths of these installations
range from seven to 185 feet. Twelve exploratory geotechnical
boreholes were also drilled, and ranged in depth from 16.5 to
32.5 feet. Lithologic logs were obtained from these boreholes
prior to their abandonment by grouting and bentonite sealing
from total depth to land surface. 1In addition, three suction
lysimeters were installed in the unsaturated zone within the
present tailings pile to characterize the pore water within
the tailings. Since their installation, only one lysimeter
has worked sufficiently to obtain samples. The locations of
all monitor wells, lysimeters, abandoned boreholes, test pits,
and surface water sampling sites included in this investigation
are shown in Figure D.5.1. Following installation and develop-
ment of the monitor wells, slug injection/withdrawal tests and
short-duration (less than 25 hours) pumping drawdown/recovery
tests were performed to estimate the hydraulic properties of
the aquifer materials within the screened zones of the wells.
The monitor wells were surveyed and static groundwater eleva-
tions in the wells were measured to determine vertical and
horizontal hydraulic gradients and directions of groundwater
flow. Table D.5.2 summarizes monitor well information for the
Green River tailings site.

Geology and hvdrostratigraphy

The Green River site is in east-central Utah on the nose
of a shallow, northward plunging anticline that is repeated by
the arcuate east-northeast to west-northwest trending Little
Grand Wash fault, which lies three miles to the south of the
site. Bedrock exposed at the surface in the site area consists
of sedimentary units of Cretaceous and Jurassic age. Rock
units lying beneath the surface range in age from Jurassic to
Pennsylvanian and, at depth, include the salt- and gypsum-
bearing Paradox Member of the Pennsylvanian Hermosa Formation.

In descending sequence, the geologic units within 200 feet
of the surface in the Green River site area are as follows:
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o Brown's Wash alluvium beneath the present tailings
pile, and alluvial terrace deposits beneath the pro-
posed disposal site (Quaternary age). ‘

o Tununk Shale Member of the Mancos Shale (Cretaceous
age).

o Dakota Sandstone (Cretaceous age).
o Cedar Mountain Formation (Cretaceous age).

The Brown's Wash alluvium consists of a mixture of silt,
sand, gravel, and some small cobbles. The alluvium is 1imited
to an area that extends 300 to 400 feet on either side of
Brown's Wash, and varies in thickness from zero to 35 feet.
The tailings pile directly overlies the Brown's Wash alluvium.
The terrace deposits consist mostly of silt and sand and are
approximately 20 feet thick in the vicinity of the proposed
disposal site.

The Tununk Shale Member of the Mancos Shale consists of
carbonaceous shale interbedded with thin beds of sandstone.
It subcrops beneath the Brown's Wash alluvium in the eastern
half of the site but is mostly eroded away by the channel of
Brown's Wash in the western half of the site area. This unit
is exposed in the east-central section of the site, and forms
the bluff at the south end of the existing tailings pile.
This shale unit forms a wedge that thins toward the south and
disappears completely between the tailings pile and the
proposed disposal site. South of the tailings pile, the—~
Tununk Shale is between zero and 25 feet thick.

In the site area, the Dakota Sandstone consists of frac-
tured to unfractured, weathered to fresh sandstone, shale, and
conglomerate. It rests unconformably on top of the Cedar
Mountain Formation. This unit varies from zero to 10 feet
thick and extends both east and west of the tailings and
disposal sites. The Dakota lies between unconformable con-
tacts with either the Mancos Shale, the Brown's Wash alluvium,
or the alluvial terrace deposits (top contact), and the Cedar
Mountain Formation (bottom contact). Where it has not been
eroded away, the shale and dense, well-cemented sandstone, and
conglomerate of the Dakota Sandstone are either not saturated
or only partly saturated beneath the tailings pile.

The Cedar Mountain Formation consists of mudstone, shale,
limestone, sandstone, conglomerate, and occasional interbedded
coal. The Cedar Mountain Formation lies unconformably beneath
the Dakota Sandstone and in the site area is at least 150 feet
thick. Lithologic units within the Dakota Sandstone and Mancos
Shale can be distinguished from units within the Cedar Mountain
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Formation by visual inspection. The Dakota and Mancos sand-
stones and shales are generally black (shale) to light tan
(sandstone); units within the Cedar Mountain are generally
shades of gray to maroon in color. Fractured and unfractured
sandstone, sandstone conglomerates, and fractured shales or
Timestones within the Cedar Mountain Formation are the primary
water-bearing units.

Figure D.5.1 shows the locations of cross sections (Fig-
ures D.5.2 through D.5.6) that show the hydrostratigraphy at
the Green River tailings site. Figure D.5.7 is a fence diagram
of the Green River site. The surface topography shown on the
cross sections and fence diagram was developed from a topogra-
phic survey of the site. Subsurface lithologic data were
obtained from borehole logs, visual inspection of rock core,
and correlation of subsurface data with surface geology.

Hydrological investigations have shown that horizontal
and vertical fracturing occurs in the Dakota Sandstone and
Cedar Mountain Formation beneath the proposed disposal site.
Core samples from monitor wells 562, 807, 812, 813, 814, 816,
and 818 at the disposal site (see Figure D.5.1) show that
vertical and near-vertical fractures exist in the bedrock and
start at the top of the bedrock section. Fracturing is uniform
and consistent through the Cedar Mountain Formation at least
in the upper 60 feet of bedrock. The degree of fracturing
varies from moderate to intense and is typical of the frac-
turing observed in outcrops of the Cedar Mountain Formation in
the vicinity of the disposal site. Fracturing of the bedrock
beneath the present tailings pile is variable. The flowing
monitor- well (581), completed in the sandstone unit beneath
the pile, is evidence that the confining unit for the sand-
stone unit at this location (the overlying shale) must be
relatively impermeable. Evidence (aquifer hydraulic conduc-
tivities and water levels) suggests that joints, fractures, or
minor faulting may be controlling groundwater flow in the
shallow bedrock approximately along the alignment of Brown's
Wash.

Within the upper 200 feet of Quaternary and Cretaceous
sediments, four distinct water-bearing units were defined at
the Green River tailings site. These units are described as
follows:

o The top hydrostratigraphic unit is the Brown's Wash
alluvium. Groundwater in this unit is locally perched
by the dense, well-cemented sandstone conglomerate of
the Dakota Sandstone and the shale and limestone of the
Cedar Mountain Formation (where these bedrock units are
not fractured). Directly beneath the tailings pile, a
paleochannel of Brown's Wash has eroded away the Dakota
Sandstone, and the Brown's Wash alluvium directly over-
lies shale of the Cedar Mountain Formation.
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o The upper-middle hydrostratigraphic unit is the alter-
nating layers of shale, limestone, and mudstone of the
Cedar Mountain Formation.

o The lower-middle hydrostratigraphic unit is a rela-
tively thick, but laterally limited, sandstone of the
Cedar Mountain Formation. The unit intertongues with
the upper-middle unit and is beneath the present tail-
ings pile and the proposed disposal site.

o The bottom hydrostratigraphic unit is the Buckhorn
Conglomerate Member of the Cedar Mountain Formation.
This basal sandstone and sandstone conglomerate unit
js 15 to 25 feet thick beneath the site area and is
confined by overlying shale and mudstone.

Neither the lower-middle or bottom hydrostratigraphic
units have been adversely affected by seepage through the pre-
sent tailings pile. The lower-middle unit subcrops beneath
the proposed disposal site and is therefore a potentially
affected unit; the bottom unit is protected from any current
or future contamination by strong, vertically upward hydraulic
gradients and a thick, low-hydraulic-conductivity shale that
overlies this unit. The following sections present more
detailed discussions about the hydraulic characteristics and
flow of groundwater within these units.

D.5.2.4 Hvdraulic characteristics

S
A summary of the hydraulic characteristics of the top,
upper-middle, lower-middle, and bottom hydrostratigraphic
units is presented in Table D.5.3. A number of methods were
used to calculate values of hydraulic conductivity for the
units. The methods of analyses include the following:
o Ferris-Knowles slug test analysis (Ferris and Knowles,
71963).
o Cooper, Bredehoeft, and Papadopulos slug test analysis
(Cooper et al., 1967).
o Bouwer-Rice slug test analysis (Bouwer and Rice, 1967).
o Pumping drawdown analyses.
o Pumping recovery analyses.
Slug test data from monitor wells 561, 581, 582, 583, 584,
585, 586, 587, 588, 1701, 704, 707, 806, 807, 811, 813, 815, and
818 were analyzed by the Ferris-Knowles method. This method
is best suited for fully developed wells that are open to the
full thickness of an artesian aquifer of small to moderate
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transmissivity (less than 50,000 gallons per day per foot
(gpd/ft)); it 1is also suited to some unconfined aquifers
(Ferris and Knowles, 1963). The Ferris-Knowles equation is as
follows:

1675}
4usl
where
k = hydraulic conductivity (ft/day).
g = slugged volume (cubic ft).
t = time (days).
s = residual drawdown at time tg (ft).
L = length of interval being tested (ft).

The values of 1/t and s are obtained from a straight-line
fit through the plotted data points. These data are available
from the Albuguerque UMTRA Project Office, Albuquerque, New
Mexico.

Slug test data from monitor wells 561, 582, 583, 584,
585, 586, 587, 588, 701, 704, 707, 806, 807, 811, 813, 815,
and 818 were analyzed using the Cooper, Bredehoeft, and
Papadopulos (Cooper et al., 1967) method, which has require-
ments similar to the Ferris-Knowles method, and is as follows:

k r’
Tt
where
k = hydraulic conductivity (ft/day).
r = radius of well casing (ft).
t = time for point in "matched-type curve" (days). .
L = length of interval being tested (ft).

The value t 1is obtained by matching data points of residual
drawdown versus time (log scale) to a "type curve" referenced
by Cooper, Bredehoeft, and Papadopulos (Lohman, 1972).

Short-duration aquifer pumping tests were analyzed from
monitor wells 581, 582, 586, 587, 588, and 813 by the single-
well pumping drawdown or recovery method, formally recognized
as the modified Theis nonequilibrium formula (Freeze and
Cherry, 1979). The pumping drawdown or recovery formula is as
follows:
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sL
where —
k = hydraulic conductivity (gpd/ft2).
g = average pumping rate for the duration of the test
(gpm) .
s = drawdown per one log cycle (ft).
L = length of interval being tested (ft).

An aquifer pumping drawdown test was conducted on alluvial
well 702 (DOE, 17983). Also, slug tests were performed and
analyzed from monitor wells 701, 702, 704, 705, 706, and 707
using the Bouwer-Rice method (DOE, 1983).

Assumptions inherent in the analyses of the aquifer
hydraulic test data, regardless of the method of analysis, are
as follows:

o The unit being tested is homogeneous and isotropic.

0 The radius of the well is small in comparison to the
extent of the aquifer.

0 The removal of the slug and the development of initial,
residual drawdown are instantaneous.

o The influence of the filter pack is negligible.

To obtain the average hydraulic conductivity values
listed in Table D.5.3, values from each analysis were summed
and an arithmetic mean was calculated. Wells 701, 704, and
707 were tested in 17983 and 1986. Alluvial wells 702, 705,
and 706 were only tested in 1983. A1l other wells listed in
Table D.5.3 were tested in 1986 and 1987.

Average linear velocities listed in Table D0.5.3 were cal-
culated as follows (Freeze and Cherry, 1979):

where
v = average linear velocity (ft/day).
k = average saturated hydraulic conductivity (ft/day).
i = average hydraulic gradient (ft/ft).
n = assumed porosity of aquifer material (dimensionless).
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The saturated hydraulic conductivity of the unfractured
bedrock of the Cedar Mountain Formation was measured by the
triaxial backpressure falling head method (Table D.5.4). The
measured conductivity is low, ranging from 2.4 x 10-8 centi-
meters per second (cm/s) to 2.4 x 10-11 cm/s. These values
jndicate that flow of groundwater in the bedrock is controlled
by interconnected fractures and joints.

More detailed discussions of the hydraulic characteristics
of the four hydrostratigraphic units are presented in the
following sections. Table D.5.5 presents static groundwater
elevations in the monitor wells for four sampling periods:
June, 1986; September, 1986; March, 1987; and October, 1987.

Groundwater flow

Top hvydrostratigraphic unit

Shallow, unconfined groundwater is present in Brown's
Wash alluvium beneath the present tailings pile. The occur-
rence of this shallow groundwater is 1limited by the lateral
extent of the alluvium. The top unit is a maximum of 600 feet
wide near the tailings pile. Monitor wells 702, 704, 705,
706, 707, 708, 808, and well points 563, 564, and 821 are
completed in this unit.

A water table contour map of the top hydrostratigraphic
unit is presented 1in Figure D.5.8. This contour map was
developed from water level data and the surveyed elevations of
the wells in October, 1987 (see Table D.5.5). The depth to
groundwater ranges from nine to 17 feet below the surface in
the top unit. The hydraulic gradient within the top unit
ranges from 0.0029 ft/ft near monitor well 707 to 0.0125 ft/ft
near monitor wells 702 and 808.

Table D.5.6 presents a summary of aguifer hydraulic
characteristics for the top hydrostratigraphic unit. The
calculated geometric mean linear velocity of groundwater in
the top unit is 1.14 ft/day. Groundwater in the top unit is
recharged by flow from the upper-middle shale unit from the
south, and by infiltration of surface runoff and precipitation
in the channel of Brown's Wash. Groundwater discharges from
Brown's Wash alluvium into the channel of Brown's Wash at a
point west of the tailings pile where the site access bridge
crosses Brown's Wash (see Figure D.5.1). From this point west
to the Green River, the Dakota Sandstone and Cedar Mountain
Formation inhibit the downward movement of water in the chan-
nel: however, a portion of this water likely infiltrates into
the bedrock, especially where fractures are present. Water
that flows west in the channel eventually mixes with backwater
from the Green River (at surface-water sampling site 526,
shown on Figure D.5.1). Groundwater also discharges from the
Brown's Wash alluvium into the underlying upper-middle shale
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unit of the Cedar Mountain Formation, to the atmosphere as
evaporation, and to the tamarisk vegetation that 1lines the
channel of Brown's Wash. The DOE (1988a) measured the bas
flow in Brown's Wash channel in November, 1985, at 2.3 gallons—
per minute (gpm). The measurement was made immediately west
of the access bridge to the site near well point 564 (see
Figure D.5.1). The remainder of the shallow alluvial ground-
water from beneath the present tailings pile is lost to evapo-
transpiration and vertical downward leakage into the Cedar
Mountain Formation. Since well points 564 and 821 and monitor
well 706 are dry (see Figure 0D.5.1), very little flow is
assumed to move downgradient to the alluvium west of monitor
wells 706.

The groundwater flux through the top hydrostratigraphic
unit beneath the present tailings pile can be estimated by
using Darcy's Law (Todd, 1980) as follows:

Q = WDki

(]

where
Q = groundwater flux (ft3/day).

W = saturated width of aquifer perpendicular to ground-
water flow beneath the tailings.

D = saturated height of aquifer beneath the tailings (ft).

k = saturated hydraulic conductivity of the alluvium—
(ft/yr).

i = hydraulic gradient (ft/ft).

To calculate the groundwater flux in the alluvium beneath
the tailings, the projected area perpendicular to the flow was
divided into three areas represented by monitor wells 702 and
808 for the eastern area; monitor well 704 for the middle area;
and monitor well 705 for the western area. The groundwater
flux for each of these areas and the total flux in the alluvium
benecth the tailings is summarized in Table D.5.7. The total
flux is estimated to be 9.9 gpm beneath the tailings.

Upper-middle hydrostratigraphic unit

Confined and semiconfined groundwater 1is present in the
upper-middle unit beneath the Green River tailings site. This
unit consists mostly of limestone and shale of the Cedar Moun-
tain Formation. Beneath the tailings and the proposed disposal
site, the upper-middle unit is separated into two units by a
sandstone and conglomerate channel deposit. To the west and
east of the tailings and proposed disposal site this sandstone
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and conglomerate is not present or intertongues as thin layers
with the upper-middle shale unit (see Figures 0.5.2, D.5.3,
and D.5.4).

Beneath the proposed disposal site, fracturing occurs in
the upper- and lower-middle units. A total of six core holes
were drilled beneath and peripheral to the proposed disposal
site. Core from all of these holes shows moderate to intense
vertical and horizontal fracturing and fractures extending from
the upper-middle unit down into the lower-middie unit (DOE,
1987a). Monitor wells completed in the upper-middle unit
include 583, 584, 585, 701, 806, 807 (completed below the
sandstone and conglomerate channel deposit), 809, 810, 812,
814, 816, 822, and 823. Monitor wells 812, 814, 816, 822,
and 823 were installed at the disposal site; only well 816
encountered groundwater (at a depth of 60 feet). Depth to
groundwater in the upper-middle unit beneath the tailings
surface is about 26 feet at monitor well 707.

A potentiometric contour map of the upper-middle hydro-
stratigraphic unit is presented in Figure D.5.9. This contour
map was developed from water level data and the surveyed water
elevations in the wells 1in October, 1987 (see Table D.5.5).
The hydraulic gradient within the upper-middle hydrostratigra-
raic unit ranges from 0.0063 to 0.0083 ft/ft. Groundwater flux
in the upper-middle unit is controlled by fractures, joints,
or minor faulting, which 1is most evident in the vicinity of
the tailings pile. A "trough" is present in the potentiometric
surface, which trends east-west and is just south of the chan-
nel of Brown's Wash (see Figure D.5.9). Groundwater flux in
the upper-middle unit is also controlled by vertical recharge
from the overlying alluvial aquifer and the underlying
lower-middle unit.

Table D.5.8 presents a summary of aquifer hydraulic char-
acteristics for the upper-middie unit. The calculated average
linear velocity of groundwater in the upper-middle unit ranges
between 0.01 and 0.71 ft/day; the geometric mean velocity is
0.08 ft/day. Groundwater flux through the upper-middle unit
beneath the present tailings pile was calculated based on the
calculated hydraulic conductivities and water levels from moni-
tor wells 584 and 701. The method for calculating groundwater
flux was the same as that used to calculate flux through the
top hydrostratigraphic unit. The total flux is estimated to
be 4.9 gpm beneath the tailings in the upper-middle unit
(Table D.5.9).

Lower-middle hvdrostratigraphic unit

The lower-middle hydrostratigraphic unit is the sandstone
and conglomerate channel deposit within the upper-middle geo-
Jogic unit of the Cedar Mountain Formation. This unit is a
maximum of 30 feet thick and is confined in the area of the
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present tailings pile by overlying shales and limestones of the
upper-middle unit. The lower-middle unit does not appear te
be present, or it intertongues as thin lenses with the 1ime
stone and shale, east and west of the tailings (see Figures—~
D.5.2, D.5.3, and D0.5.4). Monitor well 581 is drilled and
completed 1in this unit beneath the tailings, and it flows at
the surface. Monitor wells 561 and 562 are screened in both
the upper-middle and lower-middle units and data collected
from these wells may not represent actual conditions in either
unit. However, monitor well 562 is completed beneath the pro-
posed disposal site and well 561 is west of the disposal site;
because of the fracturing present in the upper-middle and
lower-middle units at the disposal site, these two units are
probably somewhat hydraulically connected, and the screened
intervals in monitor wells 561 and 562 probably include the
zone of hydraulic connection. Other monitor wells drilled and
completed in the lower-middle unit inciude 811, 813, and 815.
Background monitor well 811, east of the tailings pile near
Brown's Wash (see Figure D.5.1), encountered only thin, sepa-
rated Tlenses of sandstone that are probably of the Jower-
middle unit.

A potentiometric contour map of the Jower-middle unit is
presented in Figure D.5.10. This map was developed from water
level data for October 1987 (See Table D.3:4) and the surveyed
elevations of the monitor wells. The potentiometric surface
in the Tower middle unit is two to three feet above the sur-
face of the tailings at monitor well 581. The depth to water
in this unit is approximately 60 feet at the proposed disposa’
site. The hvdraulic gradient within the lower-middle unit-—"
ranges from 0.0083 to 0.025 ft/ft.

The flow of groundwater 1in the Jlower-middle unit is
strongly influenced by the attitude (dip) of the unit, its
Timited lateral extent to the east and west, and its recharge
by underlying aquifers. Rock cores from monitor wells 562,
807, and 813 indicate this unit is fractured and is probably
hydraulically connected with the overlying upper-middle shale
unit beneath the proposed disposal site; however, the Jlower-
middle unit is confined by the shale beneath .the present tail-
ings. Additionally, monitor well 581, which is drilled and
completed in the lower-middle uni%t, flows at the 'surface. The
strong, vertically upward hydraulic gradient between the upper-
middle and lower-middle units’ beneath the tailings pile has
prevented any tailings seepage from moving into the lower-
middle unit.

Table D.5.10 presents a summary of aquifer hydraulic
characteristics for the lower-middle hydrostratigraphic unit.
The calculated average linear velocity of groundwater in the
lower-middle unit ranges between 0.02 and 2.7 ft/day; the
geometric mean is 0.14 ft/day. Groundwater flux through the
lower-middle unit beneath the tailings was not calculated
since this unit has not been affected by tailings seepage.
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Bottom hydrostratigraphic unit

The Buckhorn Conglomerate Member of the Cedar Mountain
Formation has been defined as the bottom hydrostratigraphic
unit. Confined groundwater 1is present beneath the tailings
site vicinity in this unit. The unit is 15 to 25 feet thick
in the site vicinity and is confined by the maroon to gray-
blue shales and mudstones that separate the bottom unit from
the overlying hydrostratigraphic units. Monitor wells 582 and
819, drilled and completed near Brown's Wash west of the tail-
ings, flow at the surface. The other monitor wells completed
in this formation (586, 587, 588, and 818) do not flow because
they are at a higher elevation than the flowing wells. Monitor
well 817, located east of the tailings near Brown's Wash (see
Figure D.5.1), was thought to be drilled and completed in the
bottom unit. Detailed analyses and comparison with other well
data showed that well 817 is probably screened somewhere below
the lower-middle unit (see Figure D.5.3). Because of the
uncertainty associated with the completion of monitor well 817,
data from the well have not been included in hydrogeologic
analyses of any of the units.

A potentiometric contour map of the bottom unit is pre-
sented in Figure D.5.11. This contour map was developed from
water level data for October 1987 (see Table D.5.4) and the
surveyed elevations of the monitor wells. The potentiometric
surface in the bottom unit is five to 14 feet above land sur-
face in the vicinity of the present tailings, and 56 to 71 feet
below land surface in the vicinity of the proposed disposal
site. The hydraulic gradient within the bottom unit ranges
from 0.040 to 0.044 ft/ft.

Table D.5.11 presents a summary of aquifer hydraulic
characteristics for the bottom unit. The calculated average
linear velocity of groundwater in the bottom unit ranges
from 0.072 to 0.17 ft/day; the geometric mean is 0.12 ft/day.
Groundwater flux through the bottom unit beneath the tailings
was not calculated since tailings seepage has not affected
this unit. Because of overlying confining layers and strong,
vertically upward hydraulic gradients between the bottom unit
and the two presently contaminated units, the bottom unit will
not become contaminated from tailings seepage.

Vertical hvydraulic gradients

Strong, vertically upward hydraulic gradients exist
between the bedrock units in the vicinity of the Green River
tailings site. These gradients have prevented the downward
movement of tailings seepage into the lower-middle and bottom
hydrostratigraphic units beneath the present tailings pile.
Beneath the proposed disposal site these gradients may limit
the amount of mixing of any tailings seepage (as a result of
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the proposed remedial action) between the upper-middle and
lower-middle units. Additionally, the strong gradients will
restrict the movement of any tailings seepage into the bottc

unit. Tables D.5.12 and D0.5.13 summarize the verticas—ro

hydraulic gradients at the present tailings site and the
proposed disposal site, respectively.

Background groundwater quality

Background groundwater quality in the four hydrostrati-
graphic units at the Green River site was determined for the
following constituents Tisted in the proposed EPA standards
(40 CFR 192): chromium; molybdenum; nitrate; selenium; radium-
226 and 228; uranium; and gross alpha activity. The other
constituents listed in the proposed EPA standards (see Table
D.5.1) were found to have levels below detection for the first
two rounds of sampiing in June 1986 and September 1986; conse-
quently, these remaining constituents were excluded from sub-
sequent sampling rounds and are not considered to be present
as contamination in groundwater at the Green River tailings
site. Table D.5.14 describes all of the groundwater sampling
locations and Table D.5.15 presents the results of the chemi-
cal analyses for all of the wells and well points. Figure
D.5.12 is a trilinear plot of the monitor wells at the Green
River site. The trilinear plot shows the general types of
groundwater in the alluvium and Cedar Mountain Formation.

Top hydrostratigraphic unit

The 1locations of background monitor well 707 and weill
point 563 are shown on Figure D.5.1. These monitoring loca-
tions are upstream and upgradient of the tailings.

A background groundwater quality summary of the top unit
is presented in Table 0.5.16. The maximum background concen-
tration of the range exceeds the proposed EPA MCL for all the
constituents 1in the table except for Ra-226 and 228. Many
other constituents exceed EPA secondary and state of Utah
drinking water MCLs. These include (but are not limited to):
chloride (>250 mg/1), sulfate (>5500 mg/1), and TOS (>9000
mg/1). (See Table D.5.15 for specific concentrations of these
constituents.) The general water type for the top unit is
calcium or sodijum sulfate; the water is Class II based on TDS
(greater than 1000 mg/1 TDS but less than 10,000 mg/1), but is
Class III based on the high levels of chromium, molybdenum,
nitrate, selenium, and uranium that occur naturally.
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Upper-middle hydrostratigraphic unit

The locations of background monitor wells 816 and 806 are
shown on Figure D.5.1. Monitor well 806 is upgradient of the
tailings, and monitor well 816 is upgradient and updip of the
tailings.

A background groundwater quality summary of the upper-
middle unit is presented in Table D.5.17. The wide range of
background quality reflects the range 1in concentrations found
at each well. High concentrations of the contaminants listed
in Table D.5.17 are found at well 816, which is located south
(upgradient) of the tailings at the proposed disposal site.
Proposed EPA MCLs for nitrate, selenium, and gross alpha acti-
vity are exceeded in monitor well 816. The measured uranium
concentration is very close to the proposed MCL and chromium
has been measured at levels as high as the MCL. The nature of
the contamination present in this well suggests the source may
be from the surface, as well as from recharge by naturally con-
taminated water from underlying aquifers. The general water
type in background well 806 is sodium bicarbonate. The concen-
trations of both sodium and sulfate are much higher in monitor
well 816 than in monitor well 806, but since alkalinity was
not determined for well 816 (limited sample quantity), well
816 is not plotted on the trilinear plot. The water in the
upper-middle unit is Class II based on TDS, but is Class III
based on the high nitrate and selenium concentrations found in
monitor well 816.

Monitor well 807 1is completed in the upper-middle shale
unit below the lower-middle sandstone (see Figure D.5.2). The
screened interval in well 807 is from 78 to 98 feet (see Table
D.5.2). The water quality analysis of a sample taken from this
well in July 1988 (see Table D.5.15) shows that cadmium (0.125
mg/1), chromium (0.06 mg/1), nitrate (1280 mg/1), and selenium
(0.322 mg/1) concentrations exceed proposed EPA and state of
Utah MCLs for these constituents. In addition, the boron con-
centration was measured at 0.84 mg/1, which is slightly greater
than the state of Utah maximum concentration limit for boron
(see Table D.5.1). Finally, total dissolved solids were mea-
sured at 11,700 mg/1, and the sulfate concentration was 6450
mg/1. Since' this saturated zone within the Cedar Mountain
Formation is isolated from surface contamination by strong,
vertically upward hydraulic gradients, the source for the
contaminants formed within this unit is from somewhere off the
site, and possibly from below the elevation of the well screen.
It is possible that contaminants were discharged into this
zone by injection, but there is no evidence that this is the
case (Day, 1988).
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Lower-middie hvydrostratigraphic unit

The 1locations of background monitor wells 562, 811, ar

813 are shown on Figure D.5.1. Monitor well 811 is upgradienv—"

of the tailings, and monitor wells 562 and 813 are upgradient
and updip of the tajlings.

A background groundwater quality summary of the lower-
middie unit is presented in Table 0D.5.18. The background
quality range for this unit is similar to that of the upper-
middle unit. Beneath the proposed disposal area, the upper-
and lower-middle hydrostratigraphic units may be hydraulically
connected by numerous vertical fractures. In the north, away
from the disposal area and toward the present tailings pile,
the vertical fractures are not as intense or abundant and the
lower-middle unit 1is confined by the overlying shales and
1imestones of the upper-middle unit. Background concentra-
tions of chromium, molybdenum, nitrate, selenium, uranjum, and
gross alpha activity exceed the proposed EPA MCLs south
(upgradient) of the tailings at the proposed disposal site.
The source of this contamination, 1ike that found in the
upper-middle unit, is probably from upgradient sources south
of the disposal area. There is no evidence at the ground
surface that the proposed disposal site is a source of con-
tamination. The general water type in the lower-middle unit
is sodium sulfate; the water is Class II, based on TDS, but is
Class III based on high 1levels of chromium, molybdenum,
nitrate, -selenpium, uranium, and gross alpha activity.

Bottom hydrostratiqraphic unit

The locations of background monitor wells 586, 587, 588,
817, and 818 are shown on Figure D.5.1. These monitor wells
are upgradient and updip of the tailings.

Groundwater in this unit 1is much better in quality than
the three shallower units; TDS levels are near 2000 mg/1. The
general water type is sodium sulfate and the water is at the
lower end of Class II, based on TDS, but is also Class III
because of high levels of chromium, molybdenum, selenium, and
gross alpha activity.

For the September 1986 and March 1987 rounds of water
sampling, monitor wells 586 and 587 were considered to be
cement grout contaminated since the time the wells were drilled
and completed. The pH of the water samples from these wells
ranged from 9.92 to 11.61 standard units. For the October,
1937, sampling, the pH was measured as 8.10 in monitor well
586 and 9.35 in monitor well 587, indicating the majority of
the grout was removed from the producing intervals during the
purging (sampling) process. The pH values for all of the
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sampling dates for monitor wells 586, 587, and 818 were plotted
versus molybdenum, nitrate, selenium, uranium, and sulfate
concentrations on a linear-linear graph (Figure D.5.13) to
show the effect of pH on the concentrations of these constit-
uents. A linear regression was done for each constituent,
the coefficient of determination (r?) was calculated, and
Student's "t" statistic (McClave and Dietrich, 1979) was cal-
culated to test the null hypothesis that the slopes of the
best-fit regression lines for each parameter are not different
from zero. The calculated "t" statistics indicate that at a
99 percent Tevel of confidence there does not appear to be
any linear relationship between pH and the concentrations of
the constituents tested. Based on these results, values for
these constituents and all other constituents analyzed from
wells 586, 587, and 818 were included in the background water
quality calculations, regardless of the water pH at the time
of sampling.

A background groundwater quality summary of the bottom
unit is presented in Table D.5.19. Concentrations of chromium,
molybdenum, selenium, and gross alpha activity in the bottom
unit are slightly higher than the proposed EPA standards for
these constituents. These levels probably reflect high natural
levels of these constituents, and indicate that the high levels
of these constituents found in the over-lying hydrostratigra-
phic units may also be (at least in part) from natural sources.

summary

The range of background groundwater quality in the upper-
and lower-middle (Cedar Mountain Formation) hydrostratigraphic
units is wide because background monitor wells are located both
east (upstream) and south (updip) of the tailings. The wells
south of the tailings (at the proposed disposal site) indicate
there is a source of contamination upgradient of the disposal
site that is not related to the milling processes since it
would be outside the boundary of the mill site. If the high
nitrate levels are an indication of the source, it may be from
activities associated with the White Sands Missile Range test
complex (DOE, 1988a). High levels of chromium, molybdenum,
and selenium in the bottom hydrostratig;aphic unit indicate
these constituents are from natural sources:; because this unit
is confined by a thick shale unit in the vicinity of the
tailings site contamination from the surface is unlikely.
Because the high background 1levels of nitrate, molybdenum,
chromium, and selenium indicate contamination from natural
sources, groundwater in all four hydrostratigraphic units at
the Green River site may be classified as Class III, according
to 40 CFR 192.21(g), which states that Class III groundwater
includes water that is not a current or potential source of
drinking water because widespread, ambient contamination not
due to activities involving residual radioactive materials
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0.5.2.7

from a designated processing site exists that cannot be cleaned
up by using treatment methods reasonably employed in public
water—-supply systems.

The town of Green River currently takes water from the
Green River upstream of its confluence with Brown's Wash for
domestic wuse and irrigation. Because an ample supply of
good-quality surface water is available for domestic use, the
development of groundwater in the potentially affected envi-
ronment of the Green River tailings site is highly unlikely.
See Section D.5.2.10 for a more complete discussion of ground-
water use, value, and alternate supplies at the Green River
tailings site.

Extent of existing contamination

Percolation of tailings seepage into the groundwater
system beneath the tailings pile has adversely impacted the
water quality in both the top and upper-middle hydrostrati-
graphic units. The vertical extent of contamination is con-
fined to these two shallow units by strong, vertically upward
hydraulic gradients between the upper-middle unit and the
underlying units. The maximum potential depth of contamina-
tion in groundwater beneath the surface of the present
tailings pile is about b5 feet.

Top hvdrostratiqraphic unit

Gross alpha activity, molybdenum, nitrate, selenium, and
uranium concentrations exceed background levels and proposed
EPA and state of Utah groundwater MCLs beneath and down-
gradient of the tailings. Table D.5.20 shows the maximum and
minimum observed concentrations of contaminants in the top
unit and the proposed EPA maximum concentration limits. The
range in concentrations of contaminants varies widely from
sampling to sampling, probably in response to evaporation and
percolation of rainfall and snowmelt through the tailings;
this type of variation is also seen in the pore water sample
analyses for the same reasons (see Section D.5.3.5). Figures
D.5.14 through D.5.18 show the lateral extent of contami-
nation as gross alpha activity, molybdenum, nitrate, selenium,
and uranium, respectively, in the top unit (Brown's Wash
alluvium) and in the channel of Brown's Wash, based on the
maximum observed concentrations.

The contamination resulting from tailings seepage travels
downgradient through the alluvium toward the northwest and the
channel of Brown's Wash. Once in Brown's Wash, the contami-
nants move west with groundwater flow in the shallow alluvium
or on the surface. Surface water sample analyses from Brown's
Wash (DOE, 1988a) indicate contaminated groundwater discharges
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to Brown's Wash; however, flow in the channel is intermittent
and the concentrations of contaminants (as well as major anions
and cations) are a function of the evaporation of water in
the channel (i.e., evaporation causes a relative increase in
concentration of the contaminants). The contaminated water
travels downstream (west) in Brown's Wash and mixes with back-
water from the Green River approximately 400 feet west of sur-
face water sampling station 710 (see Figures D.5.14 through
D.5.18). MWater quality analyses from samples of Green River
water upstream and downstream from its confluence with Brown's
Wash show that the discharge of contaminated water from Brown's
Wash to the Green River has no adverse affect on the water
quality of the Green River (DOE, 1988a). This is because the
contaminants are diluted by a factor of 10%° to 106 once
they mix with the Green River.

As part of the site characterization, monitor well 705
(on-site and completed 1in the alluvium) was sampled and
analyzed for EPA priority organic pollutants in July 1986.
The analyses measured 13 parts per billion (ppb) of methylene
chloride, but it is noted by the analytical laboratory that
the elevated value may be a result of laboratory contamina-
tion. Two other unknown, semivolatile compounds were tenta-
tively identified by the lab to have concentrations of 100 and
40 ppb. In July 1988, monitor well 705 together with monitor
wells 561, 562, 583, 806, 807, and 816, and lysimeter 714 (see
Figure D.5.1 for 1locations) were sampled for volatile and
semi-volatile organic compounds. The analyses showed that the
only compound detected 1in confirmable concentrations was
methylene chloride; methylene chloride was also detected in
the trip blank for this batch of samples. Based on these
results, methylene chloride is suspected of being present as a
result of contamination by the analytical laboratory. These
analytical results are on file at the UMTRA Project Office in
Albuquerque, New Mexico.

Contamination as ammonium was also identified in the top
unit. Figure D.5.19 shows the extent of ammonium contamina-

tion in Brown's Wash alluvium and the channel of Brown's Wash.
Ammonium was used in the milling process (see Section 0.5.2.8)
and may be present in groundwater beneath the tailings by the
reduction of nitrate (NO3”) within the tailings to ammo-
nium (NHgt*). The chemical characteristics of the tail-
ings pore fluid are discussed in detail in Section D.5.2.8;
geochemical conditions present in the Green River site area
are discussed in Section D.5.2.9.

Upper-middle hvdrostratigraphic unit

Gross alpha activity, molybdenum, nitrate, selenium, and
uranium exceed background levels and proposed EPA and state
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of Utah groundwater standar<s beneath and downgradient of the
tailings. Table D.5.21 shou.. the maximum observed concentra-
tions of contaminants in the upper-middle unit and the pro
posed EPA MCLs. Figures D.5.20 through 0.5.24 show the laterar—
extent of contamination as gross alpha activity, molybdenum,
nitrate, selenium, and uranium, respectively, in the upper-
middle hydrostratigraphic unit, based on the maximum observed
concentrations.

Contamination from tailings seepage in the upper-middle
unit extends northwest from the tailings pile (from monitor
well 701, on the site), roughly following the "trough" shown
by the potentiometric contours (see Figures 0.5.20 through
D.5.24). This trough probably is a result of higher secondary
permeability in the shale caused by joints, fractures, or minor
faulting that is oriented the same direction as the trough.
Groundwater flow in the upper-middle unit is discussed in more
detail in Section D.5.2.4.

Contamination is also present in monitor well 583 west
of the tailings and Brown's Wash (see Figures 0.5.20 through
D.5.24). This contamination is probably a result of seepage
of contaminated water in Brown's Wash down into the bedrock
channel bottom. As discussed previously, the contaminated
water in Brown's Wash is a result of the discharge of contami-
nated alluvial groundwater into the channel adjacent to and
downgradient of the tailings.

Contamination as ammonium was identified in monitor weli
701 on the site; however, the ammonium appears to be limited -~
to the area directly beneath the tailings because elevated
Tevels of ammonium are not found in any of the off-site monitor
wells. The maximum observed concentration of ammonium observed
in monitor well 701 was 47 mg/].

D.5.2.8 Tailings and milling process characterization

Tailings

The tailings pile at the Green River site is eight acres
43 area. The tailings are not presently saturated and there
is no evidence of a groundwater mound beneath the tailings.
The depth to groundwater beneath the base of the tailings
ranges from four to ten feet, using the available monitor well
and water level information.

The tailings are a fairly well-sorted, white to pink sand
with some silt. Based on laboratory test data (Table D.5.22),
the average saturated hydraulic conductivity of compacted
tailings is 1.5 x 10-4 ¢m/s. This value is probably repre-
sentative of the tailings since there are no slimes within the
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pile and the tailings are uniform in texture. Under natural,
uncompacted conditions, the vertical hydraulic conductivity is
probably greater than 10-4 cm/s. The horizontal hydraulic
conductivity of the underlying Brown's Wash alluvium (top
hydrostratigraphic unit) is near 1 x 10-2 cm/s, based on
average hydraulic conductivities at monitor wells 702, 704,
705, and 708 (see Table D.5.7). Considering that the alluvium
is anisotropic (Bouwer, 1978), the vertical hydraulic conduc-
tivity is probably in the range of 5 x 10°3 to 1 x 1073
cm/s.

In an attempt to calculate the current percolation rate

through the present tailings pile, the following mixing rela-
tionship was used:

Ch(Qr - Qt) + CtQt = CpQp

where

concentration of water quality constituent upgra-
dient (background) of the tailings (mg/1).

Ch

Qr = volume flux rate of alluvial groundwater beneath
the tailings (resultant volume flux rate from mixing
the background groundwater with the fluid
percolating through the tailings) (gpm).

Qt = volume flux rate (percolation) through the tailings
(gpm) .

Ct = concentration of water quality constituent in
tailings pore fluid (lysimeter sample) (mg/1).

Cr = concentration of water quality constituent in the
alluvium beneath the tailings (resultant concentra-
tion from mixing background alluvial water with
tailings pore water) (mg/1).

Using Qr = 9.9 gpm (see Table D.5.8), average pore water con-
centrations from lysimeter GRNO1-714 (Table D.5.23), average
background groundwater concentrations from alluvial monitor
wells 563 and 707, and resultant groundwater concentrations
from alluvial on-site wells 702, 704, and 705, Q¢ was calcu-
lated to be 0.010 gpm using both uranium and manganese concen-
trations. Other constituents were considered but were not
useful either because their background concentrations were
higher than resultant concentrations or pore water analyses
were not available.

Based on the calculated Qt, the continuous infiltration

rate over the eight-acre area of the tailings is 6.4 x 10-11
feet per second (ft/s) (2.0 x 10-9 cm/s); the average annual
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rate is equal to 0.024 inches per year (in/yr) (0.06 cm/yr),

or 0.4 percent of the average annual precipitation. While
this method of calculating Qt has inherent uncertaintic
(e.g., averages are used and geochemical attenuation is not—"
considered), it indicates that the percolation of water through
the tailings is very little, and is probably within the range
estimated by Rush et al, (1982). Detailed mixing calculations

to estimate Qt are on file in the UMTRA Project Office,
Albuguerque, New Mexico.

Tailings pore water samples were collected and analyzed
from lysimeter 714 located at the east end of the pile (see
Figure D.5.1) in September 1986 and March 1987 (Table 0.5.23).
Less than 500 milliliters could be obtained from the lysimeter
each time, so only a select number of parameters could be
analyzed. No pore water at all could be collected during
October 1987 and January 1988 samplings. Since radionuclide
analyses require one liter of water or more, radionuclide con-
centrations in the pore water could not be determined. In
addition, since only a select number of constituents were
analyzed, a cation/anion balance could not be accurately
performed and the reliability of the results are uncertain.
Finally, the pore water samples are highly sensitive to
fluctuations 1in soil moisture content (responses to rainfall
and evaporation); this seems to be reflected by the high
variance in pore water parameters like chloride, potassium,
nitrate, sulfate, TDS, and uranium.

Uranium mill tailings, buffer material, and contaminate:
windblown soils samples were collected from representative—
stockpiles at the Green River site in March 1989. The stock-
piles for tailings, buffer material, and windblown soils are
located near test pit 544, between monitor wells 588 and 561,
and near test pit 577, respectively (see Figure D.5.1). The
samples were used to determine the mobility of contaminants in
the materials to be placed in the disposal cell. Batch leach
and column extraction tests were conducted on the samples, and
the batch solutions and column feed solutions were analyzed
for all of the hazardous constiutents identified at the site
(see Table D.5.27). Radionuclides were not analyzed because
of the limited quantity of solution from the batch 1leach and
column extraction tests. . L

Results show that, for all of the hazardous constiutents
identified at the Green River site, except for uranium and
vanadium, the extract concentrations from batch experiments
using windblown soils are below the interim concentration
1imits proposed by NRC (see Table E.1.1). Concentrations of
vanadium s1ightly exceed the NRC-proposed interim concentration
of 0.09 mg/1, but are well below the observed range of maximum
values from background groundwater samples beneath the disposal
site (0.38 mg/1 maximum). Uranium concentrations from the
windblown extract are above both the interim concentration
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D.5.2.9

1imit of 0.044 mg/1 (which is EPA's established MCL) and the
maximum observed value in groundwater of 0.146 mg/1. However,
the column feed experiments show that uranium is attenuated by
the buffer material to a concentration greater than one order
of magnitude less than the feed concentration (from tailings
solution). Based on the batch and column experiments, it can
be assumed that the windblown soils are "clean" and are
"buffer" material in addition to the clean select-fill buffer
material placed in the bottom of the cell. With this assump-
tion, travel of contaminants can be assumed to be from the
base of the tailings (top of the windblown soils) through the
base of the buffer materials.

Milling process

The Green River processing plant was operated from March
1958 to January 1961 (FBDU, 1981). Ore from uranium mines at
Temple Mountain, Utah, was upgraded, and the ore concentrate
was shipped by railroad to Rifle, Colorado, for further pro-
cessing.

The uranium ore was sandstone loosely cemented with clay
and asphaltic material, with part of the uranium intimately
associated with carbonaceous minerals. After crushing and
grinding, the ore was screened, with minus-35 mesh material
going to flotation and the plus-35 mesh material joining the
flotation concentration to form a carbonaceous concentrate.
The flotation tailings were separated into sand and slime
fractions. The sands were Jleached with acid, the leached
slurry washed, and the spent sands discarded to the tailings
area. The recovered slimes and pregnant soclution were then
joined with a portion of the initial slime fraction. Any
excess acid was neutralized with ammonia. This mixed product
plus the remainder of the primary slimes were then dewatered
and dried for shipment to the Rifle, Colorado, processing
plant.

Geochemical conditions

The presence of pyrite and organic matter in the Cedar
Mountain Formation aquifer of the Green River site indicates
that groundwater at the site is relatively reducing (DOE,
1988b). The Cedar Mountain Formation contains mudstones with
occasional thin and discontinuous calcareous beds. Ground-
water flow 1is controlled by fractures, joints, and faults,
which are continuous through the upper middle portion of the
stratum. Fracture surfaces in the unsaturated zone contain
significant quantities of ferric oxyhydroxide, calcite, gypsum,
and oxidized pyrite. The presence and movement of groundwater
beneath the tailings impoundment 1is controlled by connected
fractures. Strong, upward, vertical hydraulic gradients are
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prevalent through the entire saturated hydrostratigraphic
sections.

Results of selected water-quality analyses of the Cedar—"
Mountain Formation aquifer are provided in Table D.5.24. The
monitor wells were sampled in May 1988 and the water-quality
data collected during this period are representative of the
aquifer. This groundwater generally is a sodium sulfate 1ype
and the TDS content is higher than 4500 mg/1. Monitor wells
562 and 813 are upgradient of the tailings impoundment; how-
ever, groundwater samples from these monitor wells have high
concentrations of nitrate, sulfate, and TDS. Monitor well 701
is completed beneath the tailings impoundment and groundwater
samples from this well are contaminated from tailings leachate.

Concentrations of nitrate, ammonium, selenium, and macro-
solutes are elevated above background. The groundwater remains
buffered by limestone lenses within the aquifer.

Monitor wells 581 and 584 are downgradient from the tail-
ings ‘impoundment, and groundwater samples from these wells
contain relatively Tow concentrations of nitrate and most other
macro-solutes. Dissolved hydrogen sulfide occurs in monitor
well 581, where field Eh measurements indicate relatively
reducing conditions. Field alkalinity values recorded at
monitor well 581 are relatively high, which may be the result
of the oxidation of solid organic matter in the presence of
hydrogen sulfide. Sulfate reduction is a bacterial reaction
in which bacteria wuse the oxygen in 5042“ to oxidize
organic matter to (02, which contributes to alkalinity,
producing sulfide species. Sulfate reduction is represented~—
by the following equation with pH values above 7:

$042~ + 2Copganic + 2Hp0 = HS™ + H* + 2HCO3- (1

Petrographic analyses of core material taken near monitor
well 581 show unoxidized, euhedral pyrite crystals in a matrix
of solid organic matter, calcite, and quartz. Groundwater
chemistry and mineralogy indicate that the Cedar Mountain For-
mation 1is vrelatively reducing downgradient of the tailings
impoundment.

Uranium concentrations within the Cedar Mountain Formation
decrease by several orders of magnitude within 600 feet down-
gradient of the tailings pile. For example, the concentration
of uranium in groundwater samples from monitor well 701, com-
pieted beneath the tailings pile, is 2.69 mg/1, whereas the
concentrations of uranium in groundwater samples from monitor
wells 581 and 584 are below 0.001 mg/1. Figure D.5.24 shows
the distribution of uranium in the upper-middle hydrostrati-
graphic unit at the Green River site.

The Cedar Mountain Formation consists of a Cretaceous
marine limestone with lenses of sandstone and siltstone (see
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Section D.5.2.3). Many secondary minerals are found on the
fracture surfaces in the foundation bedrock beneath the dis-
posal site. These include, but are not limited to, calcite,

gypsum, and iron and magne51um oxides; pyrite is abundant on
the fracture surfaces in the lower-middle sandstone unit.

Core samples collected above the water table contain
fracture coatings consisting of calcite, gypsum, and iron and
manganese oxides. The fractures have a higher permeability
than the matrix permeability.

In general, the core samples collected below the water
table indicate a considerable amount of carbonate is present,
primarily as cement and vein filling, in the siltstones and
sandstones. The sulfide (pyrite) content of the core samples
ranged from 0.1 percent to 1.0 percent; in some cases oxida-
tion to iron oxides affects the outer surfaces of individual
grains.

The porosity appears to be low in the siltstones and
moderate to low in the sandstones, and increases with in-
creasing grain size. Fracture permeability probably has a
significant .role in fluid migration through these rocks. The
fractures observed in the core samples are generally cemented
with carbonate, and contain coat1ngs of iron oxides. Fracture
porosity 1is variable, but in general the existing fractures
have moderate to low porosity.

Geochemical modeling wusing PHREEQE (Parkhurst et al.,
1980) was performed to mix the tailings leachate with the
ambient groundwater. Results of the modeling show that most
heavy metals and trace elements have the potential to adsorb
or precipitate from solution as a result of contact with the
calcite and iron oxides in the aquifer. Where reduc1ng condi-
tions exist in the saturated zone and pyrite is present, the
groundwater is predicted to be oversaturated with uraninite
and amorphous U0y, and precipitation of uranium would occur.

The solubility of uranium within the Cedar Mountain Forma-
tion aquifer may be controlled by precipitation of tetravalent
uranium minerals such as uraninite and coffinite, by adsorption
of uranium onto ferric oxyhydroxides and clay m1nera]s, or by
a combination of precipitation and adsorption processes. Cedar
Mountain Formation groundwater is sufficiently reducing down-
gradient of the tailings pile to account for uraninite precipi-
tation. Table 0.5.25 shows the measured field Eh and the
theoretical Eh required for Cedar Mountain Formation ground-
water to be in equilibrium with uraninite. The measured field
Eh value for monitor well 581 is more reducing than the theo-
retical Eh value calculated by the computer code PHREEQE. For
monitor well 584, the measured Eh is approximately 0.02 volts
more oxidizing than the theoretical Eh value reguired for
uraninite equilibrium. The discrepancy between the field Eh
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and theoretical Eh values may be insignificant with respect to
uraninite precipitation. Uranium concentrations, however, ir
groundwater samples from monitor wells 581 and 584 are in tt

low microgram/liter range. ~—

Reduction of the wuranyl ion (U022+) by aqueous sul-
fide forming poorly crystalline uraninite has been investi-
gated by Mohogheghi and Goldhaber (1982). Their investigation
shows that uranium concentrations greater than 2.75 ppm results
in the precipitation of uraninite within 24 hours. Adsorption
of hexavalent uranium may be necessary prior to chemical reduc-
tion. The partia)l pressures of hydrogen sulfide and carbon
dioxide during their experiments were 4.3 x 10-2 atmospheres.
Based on their experiments, concentrations of hydrogen sulfide
Wwithin the Cedar Mountain Formation should provide conditions
favorable for uraninite precipitation.

Specjation and saturation index calculations by PHREEQE
can be made using either field Eh or calculated Eh values.
Determining the most appropriate redox couple to use for model
simulations is very difficult because internal disequilibrium
exists between the redox couples (Lindberg and Runnells, 1984).
Ficld Eh values were used as input for the PHREEQE simulations
because they are intermediate to the calculated redox couples.
It must be shown, however, that electron-transfer reactions
taking place between the aqueous species of interest and the
electrode surface are similar to reactions taking place between
the aqueous species and the electron donor/acceptor present in
the Cedar Mountain Formation aquifer. Small uncertainties ii
the measured electrode potentials and in the calculated Eh~—
values from the redox couples may be important for simulating
whether solubility control or adsorption is the major attenua-
tion mechanism for uranium in the Cedar Mountain Formation
aquifer. The Fe3+/Fe2* and Sato dissolved oxygen redox
couples appear to be in close agreement with the measured Eh
values for monitor wells 562, 701, and 813 upgradient from the
tailings impoundment, whereas the HS~/Rhombic S redox couple
approximates measured Eh values for monitor wells 581 and 584
downgradient from the tailings impoundment. Berner (1963) has
shown that the HS-/Rhombic S couple is reversible for marine
sediments and this redox couple is useful for approximating
redox conditions in certain portions of the Cedar Mountain
Formation aquifer where detectable concentrations of aqueous
hydrogen sulfide are present.

The saturation indices for uraninite, coffinite, calcite,
gypsum, pyrite, and amorphous Fe(OH)3 with PCOp = 102
atmospheres were computed by PHREEQE from analytical results
(Tables D.5.23 and 0.5.24) obtained from the groundwater
analyses from monitor wells 562, 581, 584, 701, and 813. These
modeling results are shown in Table D.5.26. Groundwater
samples from monitor wells 562, 701, and 813 are undersatu-
rated with respect to uraninite, coffinite, and pyrite and are
oversaturated with respect to gypsum and amorphous Fe(OH)j.
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Cedar Mountain Formation groundwater is in equilibrium with
calcite. Therefore, uranium is 1ikely to be mobile in the
Cedar Mountain Formation aquifer at the proposed disposal site
and downgradient towards the existing tailings pile.

Petrographic analysis has shown the ubiquitous occur-
rence of calcite, gypsum, and ferric oxvhydroxide within the
fractures. Uranium, stable as U0,(C0g)p2- and
U0,(C03)34~ complexes, s 1likely to be mobile in this
portion of the aquifer. Conversely, groundwater is predicted
to be oversaturated with respect to uraninite and pyrite down-
gradient of the tailings impoundment where uranium concentra-
tions are below 0.001 mg/1. Pyrite occurs as euhedral crystals
with no detectable oxidation coatings, indicating that oxidi-
zing solutions are not presently in contact with the sediments.
The analytical detection limit for total uranium is <0.001 mg/]
and the saturation index values for uraninite and coffinite
are maximum values. If the actual concentrations are Jless
than 0.001 mg/1, then groundwater samples from monitor wells
581 and 584 could be undersaturated with respect to uraninite
and coffinite. The occurrence of uraninite and coffinite in
this portion of the Cedar Mountain Formation has . not been
established by petrographic techniques.

Solubility experiments conducted by Ryan and Rai (1983),
however, show that U(OH)s~ may not be as strong a com-
plex of U(IV) because no evidence for the predominance of
U(OH)s~ was observed under alkaline pH conditions. In
addition, thermochemical data (hydrolysis constant) for
U(OH)s~ may be suspect (Bruno et al., 1987) and the
stability fields for dissolved U(IV) species can be much larger
than what are reported in the literature. This implies that
the stability fields for U(IV) species may be much more
restricted in nature.

In light of these concerns, additional speciation calcu-
lations which did not include U(OH)g~ 1in the database
still show that Cedar Mountain Formation groundwater remains
oversaturated with uraninite using analytical data from moni-
tor well 581. Uranyl tricarbonate becomes the dominant solu-
tion species of uranium in the absence of U(OH)5~. Input
Eh value is the dominant control, in addition to uranium con-
centrations, for calculating the saturation index of uraninite.

Adsorption of wuranium onto ferric oxyhydroxides, clay
minerals, and other adsorbents present in the Cedar Mountain
Formation (DOE, 1988b) may partially account for the observed
concentration decrease of uranium. Complete adsorption
of uranium onto ferric oxyhydroxide under relatively oxidiz-
ing conditions, however, is dinhibited by the formation of
U0C03°%,  UD(C03)22-, and UOg(CO3)3%~ complexes (Hsi and
Langmuir, 1985; Tripathy, 1984). Speciation calculations for
uranium show that the hydrolysis species U(OH)g~ s the
dominant wuranium species predicted for groundwater samples
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from monitor well 581, whereas U0p(C03)3% is the dominant
species in groundwater samples for monitor well 584. Adsorp
tion of uranium onto minerals such as goethite, amorphot
Fe(OH)3, and hematite may occur to a greater extent where—"

uranium hydroxo complexes are more abundant than uranyl
carbonato complexes (Hsi and Langmuir, 1985; Tripathy, 1984).

In nature, uranium can become chemically reduced and
concentrated to form an ore deposit. Uranium roll-front
deposits consist of naturally occurring ore-grade uranium and
the geochemical environment of these deposits may be similar
to that of the Cedar Mountain Formation. The ore deposits are
formed by several geochemical processes including dissolution,
chemical reduction, complexation, sorption, and precipitation.
The Eh of groundwater in contact with the ore deposit is rela-
tively reducing (Eh <-0.100 V) and dissolved uranium concen-
trations can vary from 0.001 to 2000 mg/1 (Deutsch and Serne,
1984; Runnells and Lindberg, 1984; Chathan et al., 1981;
Cowart and Osmond, 1980). Downgradient from the ore deposit,
uranium concentrations are in the Jow mcg/1 range under
chemically reducing conditions. Uranium rollfront and tabular
deposits are found throughout the world in different geologic
strata. The Cedar Mountain Formation is chemically reducing
and uranium is being attenuated downgradient from the tailings
pile through geochemical processes. Hydrogen sulfide, pyrite,
and solid organic matter occur in the Cedar Mountain Formation
and these materials are chemical reducing agents for uranium
and other metals. Generation of hydrogen sulfide within the
Cedar Mountain Formation has been occurring for millions o
years. Subsequently, long-term reducing conditions are-——
established for this formation.

D.5.2.10 Groundwater use, value, and alternative supplies

Existing use and value

There are 15 registered wells in Township 21 South, Range
16 East (State of Utah, 1985). Thirteen of these wells are on
the west side of the Green River; one well is on the east side
of the river one mile northeast of the tailings site (Figure
D.5.25). The final well, the Crystal Geyser well, is in the
southeastern corner of Section 34, Township 21 South, Range 16
East on the east bank of the Green River. Most or all of
these wells, except for Crystal Geyser, are shallow (less than
20 feet deep) and are completed in the Green River alluvium.
Information was obtained regarding 10 of the 15 wells. The
majority of the wells are not being used because of the poor
quality of the water, disrepair of the wells, and the availa-
bility of better-quality water from the city of Green River.
This 1s consistent with Rush et al. (1982) on groundwater use
on a regional basis.
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The reported past use of water from these wells was for
watering gardens or livestock. Groundwater in the Green Rjver
area is not considered potable (Rush et al., 1982). The city
of Green River provides water to residents on the eastern side
of the Green River. The nearest resident to the tailings site
hauls potable water from a coin-operated outlet in the city of
Green River (Casper, 1985). In summary, there are no known
uses of groundwater within the potentially affected hydrogeo-
Togic setting of the tailings site.

It is difficult to assign an absolute value to water re-
sources, especially those of Jlesser quality. Qualitatively,
it can be stated that the shallow groundwater affected by the
Green River mill tailings has a very low value due to its
origin in an area affected by the Mancos Shale and other shale
and limestone deposits of the Cedar Mountain Formation. The
Utah Division of Water Resources (DWR, 1975) states, "Water
originating from this [Mancos Shale] formation has 1little
value . . . ."

Future use and value

Future use of shallow groundwater for domestic consump-
tion in the site area is not expected due to the poor natural
quality and Tow yield of aquifers in the area. Groundwater in
the area of Green River is not considered to be potable (Rush

et al., 1982).

Drill stem tests have indicated that the relative ability
of the shallow groundwater system to yield fluid during test-
ing is small and permeability values are low (Rush et al.,
1982). Other studies 1in the region also report a lack of
groundwater resources. The water found during oil and gas
drilling corroborates these reports (DWR, 1975):

"Most all wells that were drilled contacted water,
but the quality of this water has been such that it
was not fit to drink."

The detrimental effects of the Mancos Shale on the avail-
ability of good-quality groundwater is one of the main factors
limiting future development of groundwater in the area (DWR,
1976):

"Groundwater development of fissured or fractured
areas of the Mancos Formation has not been success-
ful because most water located in fissures or by
complete penetration into other strata has been of
poor quality . . . .*

Present development of alluvial groundwater is limited
because of natural and man-made degradation of the water, and
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these conditions will persist. The availability of better-
quality water from the municipal supply has caused a declinf
in the use of alluvial groundwater. In spite of the poc
water gquality in the Brown's Wash alluvium and in the under-—"
lying shales and limestones of the Cedar Mountain Formation,
water suitable for crop irrigation and 1livestock watering
was located in a sandstone unit of the lower Cedar Mountain
Formation beneath the tailings site (bottom hydrostratigra-
phic unit). The value of this potentially usable source of
groundwater is very difficult to determine; however, an
estimate of the value can be made by comparing the value of
alternate sources of water for irrigation and stock watering.
The city of Green River charges water users outside the city
Jimits $23 for the first 6000 gallons per month, and $2 for
each additional 1000 gallons per month (City of Green River,
1984).

The cost of municipally supplied water for users outside
the city's 1limits is twice that for users within the city's
1imits. While groundwater obtained from the Buckhorn Con-
glomerate member of the Cedar Mountain Formation cannot
replace current domestic supplies unless better-quality water
can be found in this unit elsewhere, the value of municipally
supplied water provides an upper limit for the value of the
water available in these units. The ultimate value of the
water in the Buckhorn Conglomerate will also be dependent
upon the lateral extent of this unit, its recharge capacity,
and the long-term availability of water from this unit. :

In summary, the future usage of groundwater will be~—
7imited by the generally small supply and relatively poor
quality of groundwater in the area, and the availability of a
good quality municipal water supply.

Alternative supplies

The tailings have not affected any groundwater currently
being used. Alternate water supplies include Green River
water as currently supplied by the city of Green River, and
commercial water supply (e.g., delivery by tanker).
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Table D.5.1 Water quality standards and maximum concentration Timits
applicable to the Green River UMTRA Project sited

Proposed EPA

groundwater
max imum EPA National Drinking State of Utah

concentration Water Standards® Drinking Water
Constituent 1imitsb Primary Secondary Standards
Inorganic
Chemical
Arsenic 0.05 0.05 0.05
Barium 1.0 1.0 1.0
Boron 0.75
Cadmium 0.010 0.010 0.010
Chloride 250 250
Chromium 0.05 0.05 0.05
Copper 1.0 1.0
Iron 0.3 0.3
Lead 0.05 0.05 0.05
Manganese 0.05 0.05
Mercury 0.002 0.002 0.002
Molybdenum 0.1
Nitrate 44 44 44
Selenium 0.01 0.01 0.01
Silver 0.05 0.05 0.05
Sulfate 250 250
Zinc 5.0 5.0
TDS 500 500
pH (standard units) 6.5-8.5 6.5-8.5
Radionuclides
Ra-226 and 228 5.0 pCi/1 5.0 pCi/1
U-234 and 238 30 pCi/1 (0.044 mg/1)
Gross alpha 15 pCi/i 15 pCi/1

4Concentrations are given in mg/1 except as noted.

bproposed EPA groundwater standards and constituents most commonly asso-
ciated with uranium mill tailings for UMTRA Project sites; 40 CFR 192.
Proposed standards also include a 1ist of hazardous organic constituents,
plus antimony, beryllium, and thallium, that are not normally associated
with uranium mill tailings or are present in very small quantities; these
additional constituents do not have associated maximum concentration
1imits. See Appendix VIII of 40 CFR 261.

CEPA National Drinking Water Standards: Primary, 40 CFR 141; Secondary,
40 CFR 143.
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Table D.5.2 Monitor well data, Green River, Utah, tailings site

North fast Borehole Well casing Screened Interval
Location coordinate coordinate Elevation Depth? Diameter Elevation Depth® Diameter depthd length
)] (ft) (ft) (ft) (ft) (in) (ft) (ft) (in) (ft) (ft) Flow relationship

Formation of completion: Alluvium (tfp unit)

563 60760.1 60003.5 4079.70 16.0 2.0 4081.10 16.0 2.0 10.0 5.0 Upgradient
564 60917.7 58100.1 4064.60 11.0 2.0 4068.10 11.0 2.0 5.0 5.0 Downgradient
102 60355.8 59295.1 4081.80 43.0 8.0 4082.60 26.0 4.0 15.0 8.0 On-site
704 60556.4 58941.0 4080.70 23.0 8.0 4082.10 23.0 4.0 15.0 8.0 On-site
705 60640.1 58665.7 4076.10 20.0 8.0 4078.30 20.0 4.0 14.0 6.0 On-site
706 60779.0 58379.2 4069.80 34.0 8.0 4070.90 18.0 4.0 8.0 6.0 Downgradient
707 60750.9 60224.0 4081.80 37.0 8.0 4083.10 16.0 4.0 9.0 6.0 Upgradient
708 60605.4 59218.6 4073.10 11.0 8.0 4074.70 11.0 4.0 7.0 4.0 Crossgradient
808 60317.9 59333.8 4082.27 25.0 8.0 4084.27 25.0 4.0 13.0 10.0 On-site
821 60689.9 57916.6 4065.32 7.0 2.0 4068.32 7.0 2.0 2.0 5.0 Downgradient
Formation of comp1etion:b Shale (upper-middle unit, Cedar Mountain Formation)
583 60462.5 57425.9 4065.60 56.5 6.0 4067.10 56.5 2.0 34.5 20.0 Downgradient
584 60654.2 58236.8 4072.10 50.0 6.0 4073.60 50.0 2.0 29.5 20.0 Downgradient
585 60925.6 57423.5 4067.60 50.0 6.0 4069.10 50.0 2.0 39.5 10.0 powngradient
701 60330.9 58929.2 4087.00 57.0 8.0 4087.20 57.0 4.0 30.0 27.0 On-site
806 60839.6 60243.9 4082.00 67.0 8.0 4084.00 67.0 4.0 55.0 10.0 Upgradient
807 59155.2 58668.8 4139.14 100.0 8.0 414114 100.0 4.0 78.0 20.0 Upgradient
809 60371.1 58519.2 4080.30 70.0 8.0 4082.50 70.0 4.0 48.0 20.0 Downgradient
810 60011.6 57868.6 4098.76 80.0 8.0 4100.76 80.0 4.0 58.0 20.0 Downgradient
812 59740.3 59350.1 4142.75 59.0 8.0 4144.75 59.0 4.0 46.0 10.0 Upgradient
814 59371.7 59412.5 4143.03 60.0 8.0 4145.03 60.0 4.0 48.0 10.0 Upgradient
816 59392.3 59003.8 4141.26 60.0 8.0 4143.56 60.0 4.0 48.0 10.0 Upgradient
822 59366.8 59003.0 4140.64 35.0 8.0 4143.14 35.0 4.0 13.0 20.0 Upgradient
823 59408.0 58450.5 4132.86 30.0 8.0 4135.06 30.0 4.0 17.0 10.0 Upgradient
Formation of completion: Sandstone and conglomerate (lower-middle unit, Cedar Mountain Formation)
561¢ 59838.7 58028.8 4108.70 143.5 6.0 4111.20 143.5 2.0 1M1.0 30.0 Crossgradient -
562€ 59585.9 59014.3 4143.60 130.0 6.0 4147.70 129.5 2.0 87.5 40.0 Upgradient
581 60450.2 58932.9 4083.30 85.0 8.0 4084.60 85.0 4.0 64.3 20.0 On-site
8N 60818.9 60300.0 4082.83 80.0 8.0 4085.33 80.0 4.0 62.5 15.0 Upgradient
813 59622.2 58669.9 4135.10 99.5 8.0 4136.40 99.5% 4.0 17.1 20.0 Upgradient
815 60738.7 58225.6 4071.53 100.0 8.0 4073.53 100.0 4.0 88.0 10.0 Downgradient
Formation of completion: Sandstone (bottom unit, Buckhorn Conglomerate Member of Cedar Mountain Formation)
582 60427.0 57424.8 4065.50 168.5 8.0 4067.00 168.5 4.0 148.0 22.0 Downgradient
586 59171.8 58915.7 4142.40 166.5 8.0 4143.40 166.5 4.0 145.5 20.0 Upgradient
587 59177.2 59540.5 4167.90 185.0 8.0 4169.40 185.0 4.0 164.5 20.0 Upgradient
588 59445.0 577182.7 4112.20 145.0 8.0 4113.50 145.0 4.0 124.3 20.0 Upgradient
817 60794.8 60347.9 4083.31 145.0 8.0 4085.3 145.0 4.0 113.2 30.0 Upgradient
818 58145.1 59189.7 4150.58 187.0 8.0 4152.58 187.0 4.0 165.0 20.0 Upgradient
819 60583.3 58230.8 4072.70 166.0 8.0 4074.70 166.0 4.0 144.0 20.0 Downgradient
3pepth helow land surface. - :
bExcly onitor well 703. The bentonite seal breached in this w ortly after installation (DOE, 1983) and information from U(\ 11 has
been ded from analyses. .

CWells .u1 and 562 are screened in both the upper-middle and lower-midgoie hydrostratigraphic units.
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Table D.5.3 Summary of aquifer hydraulic ch( eristics, Green River, Utah, tailings site

Average Average
Monitor Tested hydraulic Average linear
well Hydrostratigraphic interval Test conductivity transmissivity velocity
numberd unitd (ftyb method¢ (ft/day)d (ft2/day)e (ftrzday)f
702 Top 15-23.8 P09, BRY 32.8 289 0.92
704 Top 15-21.2 BRY,FK,CBP 54.6 339 1.5
705 Top 14-18.6 BRY 16.4 75 0.55
706h Top 8-12.5 BRI 3.3 15 NA
707 Top 9-12.6 BRY,FK,CBP 226.3 815 2.19
808 Top 15.8-23.0 BR 11.1 79.9 0.92
583 Upper-Middle 33-53 FK,CBP 2.4 48 0.13
584 Upper-Middie 28-48 FX,CBP 2.4 48 0.12
585 Upper-Middle 28-41 FK,CBP 0.5 10 0.03
707 Upper-Middie 52-57 FK,c8P,8RY 17.0 85 0.71
806 Upper-Middle 55-65 FX,CBP 0.23 4.6 0.01
807 Upper-Middie 78-98 FK,CBP 0.0068 0.14 ND
561 Lower-Middle 115-145 FK,CBP 0.0055 0.17 ND
581 Lower-Middle 63-83 FX,PR 21.6 432 2.7
811 Lower-Middle 62.5-17.5 FX,CBP 0.22 3.28 0.02
813 Lower-Middle 17.7-97.17 FK,CBP,PD 4.53 90.8 0.19
815 Lower-Middle 88-98 FK,CBP 0.37 3.7 0.04
582 Bottom 146.5-166.5 FK,CBP,PR 3.6 72 0.072
586 Bottom 144.5-164.5 FK,CBP,PR 0.13 2.6 ND
587 Bottom 163-183 FK,CBP,PR 0.076 1.5 ND
588 Bottom 123-143 FK,CBP,PR 5.8 116 0.13
818 Bottom 165-185 FK,CBP 7.6 151 0.17

3See Figure D.5.1 for locations of monitor wells. Slug tests were unsuccessful for well 708 and no data
are available. Well 561 is partially screened in the upper-middle unit. Wells 562 and 703 were not
tested. Wells 586 and 587 were grout-contaminated at the time of testing, and hydraulic conductivity values
are not representative of bottom unit. Well 807 is screened in the upper-middle unit below the lower-middle
unit.

bTested interval is in feet below land surface.

CPD is pumping drawdown (type—curve) method; PR is pumping recovery (single well) method; BR is Bouwer and
Rice slug test method; FK is Ferris and Knowles slug test method; CBP is Cooper, Bredehoeft, and Papadopulos
slug test method.

darithmetic average of all applied methods of analysis; wells 701, 704, and 707 have been tested twice.

€Average hydraulic conductivity multiplied by tested interval length.

Average linear velocity calculated for silty, gravelly sand (top unit, assumed porosity of 0.30); shale
and Timestone (upper-middle unit, assumed porosity of 0.15); sandstone and sandstone conglomerate (lower
middle unit, assumed porosity of 0.20); sandstone/conglomerate (bottom unit, assumed porosity of 0.20)
(Walton, 1970). NA = not available; ND = not determined.

"~ 9Analyses by DOE (1983).

Hydraulic conductivity at well 706 was measured shortly after drilling by DOE (31983), but the well has
been dry for each sampling period thereafter.




Table D.5.4 Triaxial hydraulic conductivities of selected rock core from monitor wells 907, 813, 816,
and 818, Green River, Utah, tailings site

‘\_//
Moistiure Dry
content densitg Saturation
Depth (%) (PCF) (%) Totlal Hydraulic
Location Sample interval Test pressure conductivily
joa ID (FL)b meth.¢ Init. Final 1Init. Final Init. Final head (ft) (cm/s)
807 A 50 (Kcml) 1X 1.1 3.5 159.3 159.3 31.8 100  97.0 4.7 x107'°
807 B 80 (Kcmu) X 2.4 5.0 153.4 153.4 47.7 100  95.6 2.4 x 107"
813 A 40 (Kcmu) X 7.6 14.9 137.8 120.7 89.7 100 95.7 1.3 x 10_9
813 B 65 (Kcml) ™ 0.8 4.8 149.2 149.2 17.0 100 4.3 1.0 X 10_9
816 A 40 (Kcmu) TX 8.5 12.6 133.9 125.0 92.6 100 96.4 3.5 x ]0—9
B16 B 65 (Kceml) TX 1.6 7.0 141.8 141.8 22.8 100 4.4 2.4 x ]0~8
818 A 125 {Kcm) X 8.0 14.6 139.2 123.4 90.5 100 95.0 5.0 x 10-9
Location/sample ID Depth, ft Unit and visual description

BO7-A 50 Kcm lower-middle unit: Siltstone, light buff tlo
gray, moderalely well cemenied, minor horizontal
fracturing with iron staining.

807-8 80 Kem_upper-middle unit below the Jower-middle
sand: Shale, medium gray, moderately well
cemented, minor cemented horizonial fractures,
layering, minor pyrite crystallizalion.

813-A 40 Kem upper-middle unit: Shale, dark gray, fissle,
moderately well cemented, secondary mineral®’
tion in horizontal joinis as calcite or gy
jron staining. -

813-8B 65 Kem lower-middle unit: Sandstone, silty, very

fine grained, soft, gray and Vight brown, minor
iron staining.

816-A 40 Kcm upper-middle unit: Shale and mudstone, light
gray micro-crysialline to dark gray fissle;
secondary mineralization and iron staining on
layered surfaces.

816-B 65 Kem Jower-middle unit: Sandstone, medium brown
to gray speckled, silty, fine to very fine
grained, minor mud inclusions.

818-A 125-130 Kcm confining unit for bottom unit: Shale,

fissle, moderalely hard to soft, dark purple and
medium gray.

3see Figure 0.5.1 for location of monitor wells.
Keml = lower-middle unit Cedar Mountain Formation; Kcmu = upper-middle unit of Cedar Mountain Formation;
Kcm = Cedar Mountain Formation between lower-middle and bottom unit. :
CTX = Triaxial back pressure fa]ling head method.
dpCF = pounds per cubic foot (1b/ftd).
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Table D.5.5 Groundwater elevations, Green River, Utah, tailings site

Water e]evationa

Well Elevation June September March October
number (top of casing) 1986 1986 1987 1987
Top unit

563 4081.1 4069.2 4070.1 4069.2 4069.6
564 4068.1 Dry Dry Dry Destroyed
702 4082.6 4067.3 4068.3 4067.9 4067.1
704 4082.1 4065.2 4065.4 4065.4 Clogged
705 4078.3 4062.9 4063.3 4063.6 4062.7
706 4070.9 Dry Dry Dry Dry
707 4083.1 4070.2 4070.9 4070.8 4069.7
708 4074.17 NS 4065.4 4066.7 Clogged
808 4084.3 NS NS NS 4068.1
821 4068.3 NS NS NS Dry
Upper-middle unit
583 4067.1 NS 4052.4 4051.0 4049.6
584 4073.6 NS 4058.8 4059.5 4058.2
585 4069.1 NS 4054.7 4055.2 4054.1
701 4087.9 4062.8 4062.7 4063.1 4061.3
806 4084.0 NS NS NS 4071.9
807b 4141 .1 NS NS NS 4088.4
809 4082.5 NS NS NS 4058.6
810 4100.8 NS NS NS 4063.0
812 4144.8 NS NS NS Dry
814 4145.0 NS NS NS Dry
816 4143.6 NS NS NS 4083.8
822 4143 .1 NS NS NS Dry
823 4135.1 NS NS NS Dry
Lower-middle unit
561b 4111.2 4085.8 4084.3 4082.6 4081.0
562b 41417.7 4087.5 4088.3 4088.4 4086.7
581 4084.6 NS Flowing(NM) Flowing(NM) 4087.2
811 4085.3 NS NS NS 4072.3
813 4136.4 NS NS NS 4084.6
815 4073.5 NS NS NS 4068.5
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Table D0.5.5 Groundwater elevations, Green River, Utah, tailings site

(Concluded)
Water elevationa

Well Elevation June September March October
number (top of casing) 1986 1986 1987 1987
Bottom unit

582 4067.0 NS Flowing(NM) Flowing(NM) 4080.8

586 4143.4 NS 4085.6 4087.6 4086.9

587 4169.4 NS 4086.3 4094.8 4097.9

588 4113.5 NS 4083.1 4086.2 4085.4

g17b 4085.3 NS NS NS 4085.7

818 4152.6 NS NS NS 4086.4

819 4074.7 NS NS NS 4080.1
48NS = well was either not sampled or was not yet installed; NM = not
measured; Destroved = surface casing was destroyed and well could not be

measured; Clogged = well sounder could not be Towered down the casing beécause

of an obstruction in the well. The potentiometric surface in the flowing
wells was measured by shutting the well in and measuring the shut in pressure
and/or by using a clear plastic riser hose, if poss:ible.
bMonitor wells 561 and 562 partially screen the upper-middle and Tlower-
middle units; monitor well 807 screens the upper-middle unit below the
lower-middle unit; monitor well 817 probably does not screen the bottom unii__ -
(see text for explanation).
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Table D.5.6 Summary of aquifer hydraulic characteristics for
the top hydrostratigraphic unit, Green River, Utah,
tailings sited

Average

Monitor hydraulic Average
well conductivity transmissivity Average linear
number (ft/day) (ft2/day) velocity (ft/day)

702 32.8 289 0.92b

704 54.6 339 1.51

705 16.4 75 0.55

706¢C 3.3 15 NA

707 226.3 815 2.19

808 1.1 80 0.92b
meand 25.0 139 1.14

Alinear velocity is a function of an assumed porosity of 0.30 for silty,
gravelly sand (Walton, 1970); NA = not avajlable (see Footnote <¢);
hydraulic gradient is calculated at each well from October 1987 water levels.

bAverage of monitor wells 702 and 808.

CHydraulic conductivity at monitor well 706 was measured shortly after
drilling by DOE (1983), but the well has been dry for each sampling period
thereafter.

dGeometric mean.

Table D.5.7 Groundwater flux within the top hydrostratigraphic
unit beneath the present tailings, Green River, Utah,
tailings site

Flux Monitor wells Monitor well Monitor well
component 702 and 808 704 705
v (ft/day)d _ 0.28 0.45 0.17
W (ft)b 300 275 425
D (ft)C 9.7 6.3 4.4
Q (ft3/s)d 0.0094 0.0090 0.0036
Q0 (gpm)d 4.2 4.1 1.6

Total flux = 4.2 + 4.1 + 1.6 = 9.9 gpm

aGroundwater velocity.

bwidth perpendicular to groundwater flow beneath the tailings pile repre-
sented by the respective well(s).

Cpepth of flow represented by the depth of water in the respective well(s).

der???dyater flux for incremental area represented by the respective
well(s).

D-90



Table D.5.8 Summary of aquifer hydraulic characteristics for the
upper-middle hydrostratigraphic unit, Green River,
Utah, tailings sited

Average
Monitor hydraulic Average
well conductivity transmissivity Average linear
number (ft/day) (ftz/day) velocity (ft/day)
583 2.4 48 0.13
584 2.4 48 0.12
585 0.5 10 0.03
701 17.0 85 0.M
806 0.2 5 0.01
meanb 1.6 25 0.08

qLinear velocity is a function of an assumed porosity of 0.15 for shale and
Timestone (Walton, 1970); hydraulic gradient is calculated at each well from

October 1987 water levels.

bgeometric mean.

Table D.5.9 Groundwater flux within the upper-middle hydrostratigraphic
unit beneath the present tailings, Green River, Utah,
tailings site

Flux Monitor well Monitor well Average of monitor
component 584 701 wells 584 and 701
v (ft/day)d 0.018 0.107 0.063
W (ft)b : 450 450 450
D (ft)C 34.6 31.1 32.9
Q (ft3/s)d 0.011
Q (gpm)d 4.9

dGroundwater velocity.

bwidth perpendicular to groundwater flow beneath the tailings pile.

CDepth of flow represented by the depth of water in the respective well(s).
dyotal groundwater flux.
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Table D.5.10 Summary of aquifer hydraulic characteristics for the
lower-middle hydrostratigraphic unit, Green River,
Utah, tailings sited

Average
Monitor hydraulic Average
well conductivity transmissivity Average linear
number (ft/day) (ft2/day) velocity (ft/day)
581 21.6 432 2.70
811 0.2 3 0.02
813 4.5 9] 0.19
815 0.4 _4 0.04
meanb 1.7 26 0.14

ALinear velocity is a function of an assumed porosity of 0.20 for sandstone
and conglomerate (Walton, 1970); hydraulic gradient is calculated at each
well from October 1987 water levels.

bgeometric mean.

Table D.5.11 Summary of aquifer hydraulic characteristics for the
bottom hydrostratigraphic unit, Green River, Utah,
tailings sited

Average
Monitor hydraulic Average
well conductivity transmissivity Average linear
number (ft/day) (ft2/day) . - velocity (ft/day)
582 3.6 72 0.07
588 5.8 116 0.13
818 1.6 151 0.17
meanD 5.3 103 0.12

dlinear velocity is a function of an assumed porosity of 0.20 for sandstone

and conglomerate (Walton, 1970); hydraulic gradient is calculated at each
well from October 1987 water levels.
bgeometric mean.
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Table D.5.12 Summary of vertical hydraulic gradients beneath the
present tailings pile, Green River, Utah, tailings
sited

. ,
Upper-middle Lower-middle
Top unit unit unit Bottom unit
Top unit - 0.12 0.38 0.11
downward upward upward
Upper-middle - - 0.87 0.16
unit upward upward
Lower-middie - -~ - 0.07
unit downward

dgradient values are in foot per foot. Gradients were calculated using
October 1987 water 1levels at the areal center of the tailings pile; the
vertical distance between units was measured from cross section B-B' on
Figure D.5.3.

Table D.5.13 Summary of vertical hydraulic gradients beneath the —
proposed disposal site, Green River, Utah, tailings
sited
Upper-middie Lower-middie
Top unit unit unit Bottom unit
Top unit (The top unit is not present at the disposal site)P
Upper-middle - - 0.55 0.03
unit upward upward
Lower-middle - - - 0.02
unit downward

dGradient values are in foot per foot. Gradients were calculated using
October 1987 water 1levels at the areal center of the disposal site; the
vertical distance between units was measured from cross section C-C' in
Figure D.5.4.

bGroundwater is first encountered at a depth of about 60 feet beneath the
proposed disposal site (near the contact of the upper-middle unit with the
Tower-middle unit).
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Table D.5.14 Description of groundwater samples, Green River, Utah,

tailings site

Sample Hydrostratigraphic

number unit Description of sample location

563 Top Well point, north side of Brown's Wash,
approximately 250 feet wupgradient from
tailings.

702 Top Well, on-site.

704 Top Well, on-site,

705 Top Well, west edge of tailings, on-site.

707 Top Well, south side of Brown's Wash approxi-
mately 900 feet upgradient from tailings.

108 Top Well, between Brown's Wash and tailings,
crossgradient.

808 Top Well, 60 feet east of well 702, on-site.

583 Upper-middie Well, north side of Brown{s Wash, approxi-
mately 1000 feet downgradient from tailings.

584 Upper-middle Well, south side of Brown's Wash, approxi-
mately 200 feet downgradient from tailings.

585 Upper-middie Well, north side of Brown's Wash, approxi-
mately 1100 feet downgradient from tailings.

701 Upper-middie Well, on-site.

806 Upper-middie Well, upgradient, approximately 75 feet north
of well 707.

809 Upper-middle Well, downgradient, north of mill vard.

810 Upper-middle Well, downgradient, 1in retention structure
west of mill vard.

816 Upper-middie Well, upgradient, center of disposal site.

561 Lower-middle Well, approximately 100 feet southwest of

mill site, west side of road and cross-
gradient from tailings.
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Table D.5.14 Description of groundwater samples, Green River, Utah,
tailings site (Concluded)

e’
Sample Hydrostratigraphic
number unit Description of sample location
562 Lower-middle Well, approximately 600 feet south (upgra-

dient) from tailings, and 1000 feet east of
well 561, located on proposed disposal site.

581 Lower-middle Flowing well, on-site, between wells 701 and
704.

811 Lower-middle Well, upgradient, approximately 60 feet east
of well B808.

813 Lower-middie Well, upgradient near disposal site, 100

feet south of water tower.

815 Lower-middle Well, dangradient, west of tailings.

582 Bottom Flowing well, north of Brown's Wash,
adjacent to well 583 and downgradient from
tailings.

586 Bottom Well, approximately 1100 feet south of anc

upgradient from tailings, TJlocated on S0S ~—
disposal site.

587 Bottom Well, approximately 120 feet southeast of
tailings and 650 feet east of well 586, and
upgradient from tailings.

588 Bottom Well, approximately 1200 feet southwest of

mill site and 1200 feet west of well site
and upgradient from tailings.

818 . Bottom Well, between wells 587 and 586, upgradient
L from tailings.

819 Bottom Well, downgradient, west of tailings.
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FORMATION OF COMPLETION:

‘

Table D.5.15 Chemical analyses of groundwats., Green River, Utah, tailings site

URANIUM MILL TAKLT

HYDRAULIC FLOW RELATIONSHIP: ON-S1TE

PARAMETER
ALUR I NUM
AMMONTUM
ANTIMONY
ARBENTE
BARIUM
BUORON
CanpMLum
CALCTUN
CHLORIDE
CHROMIUHM
coBaLT
COPPER
FLUORIDE
TRON

LEAD
MAGNES LUN
MANGANESE
MERCURY
MOLYBDENUM
NICKEL
NITRATE
NITRITE
PHOSPHATE
POTASSIUM
SELENIUN
SILTCA
STLVER
HSUDTUN
STRONTILUM
SULFATE
TIN

TOTAL $SOLIDS
URANT UM
VANAD TUR
ZINC

UNIT OF
MEASURE

mG/L
MG/l
MG /L.
MG/L.
MG/l
MG/L
MG/L.
MG/l
MG/
MG/L.
MG/
MG/L
mG/L
MG/L
MG/
MG /L
MG /L
MG/t
MG/
MG/L
MG/L
MG/
MG/L.
MG/L
MG /L.
MG/
MG/l
MG/
MG/L.
MG/L
MG/L
MG/L
mG /L
Mu/L
MG/L

744-04  03/42/87

PARAMETER
VALUE+/-UNCERTAINTY

6300 .
i4.

0.5
457 .
143.

2,64

< 0.4
2200.
2640.

3460.
0.2

4500.

0.19
0.092

89.2

56200.

gou00.
675,

NG

744-04 0Y/44/86
PARMIETER
VALUE+/~UNCERTALNTY
1840.
4.
{ 0.003
0.03
< 0.4
< 0.1
0.032
385,
2900.
.14
30.%
45.8
0.2
267 .
0.0z
1090.
122.
0.
0.40
25.3
2.
4 0.1
{ 0.1
16.0
0.208
60.
(¢ .04
144.
0.4
146000,
{ 0.00%
26100,
224.
i78.
259.

PARGHETER
VALUE+/~UHCERTAINTY

PARAMETER
VALUE+/-UNCERTAINTY

== LODATION 1D = SAMFLE 1D AND LUG DATE —mmmm e e

PARAMETER
VALUE /- UNCERTALNTY
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETTON:z ALLUVTURM
HYDRAULIC FLOW RELATLIONSHIP: UP GRADLENT

e mes e e 4o et e 400n S04e Ghen S0 1o a8 1o Lens Beve Hirk e Sarm Fe Fhm Shmm b S e Se0e P8 i vt AR Son sime nbnn o300 bow l[“" (*I J (} ] ] ") - Sﬁ':'l‘[ i | I") "* N L U['} D THE oo v o oo e e s e o i e s 1 e 2 k1 2 1 1o e o

56304 04/04/86 563-04  OV/07 /186 B6A-04  0R/2/ /87 H63-04  10/02/87 56304 04/40/88
UNET OF PARAMETER PARAHETER PORAMETER PARAMETER PARAME (ER
PARAMETER REASURE VALUE+/=UNCERTAINTY  VALUF+/-UNCERTAIMIY  VALUE+/-UNCERTAINTY  VALUE+/-UNCERTAINTY  VALUE+/~UNGERTA LN Y
ALKALINLITY  MG/L CACOS 57. 162, 458. 165. 162,
ALUMTNUR HG/L 0.4 0.3 ¢ 0.4 ¢ 0.1 0.3
AMMONT U HG/L. ¢ 0.4 ¢ 0.4 ¢ 0.4 0.4 < 0.4
ANT EMONY MG/ < 0.003 ¢ 0.003 - , - -
ARSENLE ne/L < 0.04 ¢ 0.04 - 0.04 .04
BALANCE % 0.46 0.06 - - -
BART LN niG/L 0.2 0.2 - - -
BICARBONATE  MG/L - - - - e
BORON riG /L. 0.3 0.5 0.27 0.4 0.48
CADF LU mG/L < 0.004 ¢ 0.001 - - -
CALCTIUM mG/L 466, 500. Ar7. 440 447
CHLORIDE MG/L. 342 240. 342. 290. 340,
CHROMI U MG /L. 0.05 0.0% 0.0u ¢ 0.01 0.03
COBALT MG/L 0.09 0.07 - - -
CONDUCTANCE  UMHO/CH 5500. 6250, 6500 . 8300. 6530,
COPPER nG/L 0.05 0.03 - - -
FLUORIDE M /L. 0.6 0.7 0. 485 0.b 0.48
GROSY ALPHA  PCI/L - - - 0.0 43, 44, 38.
GROSS BETA  PCI/L - - - 5. 49, 1. 27.
IRON ML 0.48 0.20 0.59 0.79 i.23
LEAD MG /L. < 0.04 ¢ C.04 - - -
PIAGNES I UM MG/L 364, v 367 . 347 . 340 437 .
FANGANE SE MG/L 0.04 0.0% 0.03 ¢ 0.04 0.06
MERCLIRY MG/L ¢ 0.0002 ¢ 0.0002 - - -
ROLYBDENUN  MG/L 0.45 0. 44 $ 0.1 $ 0.04 0.20
NICKEL HG/L 0.09 ¢ 0.04 - - -
NITRAVE MG /L. 14. 44, £4.3 34. 23.9
NITRITE MG/L < 0.4 < 0.4 - - -
URG. CAKBON  MG/L - - - ¢ 4 39.8
PR-240 PCL/L - - - z M
FH S 7.69 7 .55 7.5 7.2% 7.5
PHOSPHATE ML ¢ 0.1 ¢ 0.4 - - -
PO-240 PCT/L - - - - -
PUTASSIUN MG /L 18.8 2246 12.6 16,7 i7.4
RA-224 FCI/L - - : - 0.3 0.2 G. 0.4
RA-228 PCI/L - - - 1.4 4.0 0.4 0.9
SELENIUN Mt /1. ¢ 0.00% ¢ 0.00% 0.38 0. 42 0.320
HSILEON fl5 /L - - - - -
SILICA i3 /1 4. 7. - - -
S ILVER MG /L < 0.01 ¢ 0.04 - - -
S0DT UM M /1. 1680 . 1830. 1840, £660. 1900,
STRONTTUM /L 7.2 0.6 ) - - -
SULFATE MG /L 5540 . 5940, ' 5490 5500, 57 4¢
SULE LDE g W70 - - ( - -
TENEERATD. € - DFLRLE 19, 47, . 9.4 7.4 9y

ITH-230 P/ -
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Table D.5.15 Chemical analyses of groundwate., Green River, Utah, tailings site (

FORMATION OF COMPLETION:

HYDRAUL1C FLOW RELATIONSHIP

URIT OF
PARAMETER HFA URk
TIN HF/l
TOTAL S0LINS HG/L
URANL UM MG/
VanNaDIUM MG/
ZINC MG/

ALLLUV UM
UP GRADIENT

béd~01 06/04/36
PARANE“ER
VALUE+/-UNCERTATINTY
{ 0.00%
9230.
0.0424
0.32
0.026

-

wememmm e LYCATION ID = SAMPLE 1D AMD LOG DATE e coom e o
_563-01 09/07/84 563-01 02727787 56

PARAME TER Paran
VALUE+/=UNCERTAINTY  VALUE+/~UNGERTATHTY

PﬁRhHITFR
VﬁlUl’/~UNlIHIAJN\T

( 0.008% -
38800, P240.
0.G104 ¢.0408
0.22 - <
0.1434 -

8740,
0,043
0.04
0.026

"04 1)/08/8/

Continued) <

01 01/10/&8

UAIUI'

TAINTY

030 .
0.0108
0.07
0.044
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: ALLUVILN
HYDRAULIC FLOW RID ATIONGHIP: UP GRADTENI

PARAMETER
ALKALINITY
ALBIINUM
AMMONLUM
ANTIFIONY
ARSENILEC
BALANCE
BARLUM
BICARBONATE
BORON
CADMIUNM
CALETUM
CHLOREDE
CHROMIUM
CodgaLT
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROSS BETA
LRON

LEAD
MAGNES T UM
MANGANE GE
MERCURY
MOLYBDENUR
NICKEL
NITRATE
NITRITE
ORG. CARBUN
PB~240

PH
PHOSPHATE
PO-2140
POTABSIUN
RA-226
RA-228
SELENIUNM
$1LLCON
SIL1CA
SILVER
SOD1ur
STRUNTYIURM
SULFATE
SULFINE
TEMPERATUN
TH-230

70704 0//44

PARAME

UNTT OF
MEASURE

M7l CACO3
MG /L.

MG/L.

MG/L.

MG /L. <
%
MG /1. <
MG/

MG/

MG/L. <
MG /L.

MG /L.

MG /1. <
MGl

UMHG/CM

MG/l

MG/t

PCI/L

PCI/L.

M /L. {
MG/ <
MG/l

MG/L.

MG/l {
MG /L. <
MG/L.

MG/L.

nG/L

mMG/L.

PCL/.

SU

MG/1.

PCI/L

MG/l

PCI/L

PCLAL

MG/t

MG/l

rG/.

MG/

MG /.

Myl

v /).

Gl

€~ DEGRKE
PCLsl <

180.00
0.43

0.04
0. 40
220.00

0.04
50.00
430.00
0.04
8640.00
0.087
1.00
200.00

0.0%
0.04
360.00

0.002
0.05

4.00

18.00
4.00
8.00
0. 42
3.830
0.014
1880¢.00

H830.00

VAl UE+ /- UN(

190.00
4 0.04

( 0.04

0.01%
232.00

< 0.04
470,00
345.00

< 0.04

P650.60
0.024
4 1.00

< 0.08
( 0.04
225.00
{ 0.002
{ 0.08

14.00

24.00
4 2.00
S 2.00
0. 404
4,70

( 0.014
1945.00

LLHEZ .00

22.60

¢ 0.40

e LUDATION 1D~ SANPLE
70704 09/ 14/82 707-04  44/23/82

0.023

0,006

0.0
306.00

0.005
460,00
564.00

0. 005

F440.00
0.00%
4.00

230.00
0.05
0.008

364.00

0.002
.05

5.00

6.93

18.00
2.00
0,424
6.20
0.00%

4790.00

624000

46 .00
0. 40

HooaMDy LOG DATE e e
70704

PARAMETER

VALUE+/-UNCERTALNTY

~ o~

360.
0.4
0.4
0.003
0.04

-4.20
0.3
0.6
0.001

488.

342.
0.0%
0.09

4900.
0.0%
0.6

0.18
¢.01
348.
0.04
0.0002
0.48
0.09
4.
0.4

7 .88

0.4

19.3

0.2 0.2

.14 0.9

0.005

4.
.01

AHBO .
v

S0

ih.

06704786

PARAM

val.Uk+/-UNCERT

176,
0.2
2.4
< 0.003
< GuG4
0.18
{ Gud
0.4
4 0.0014
LYoo
Leo.
¢.02
007
4$200.
0.04
Q7

0.04
( 0.01
388.
0.03
< 0.0002
0.06
0.08
1204
( 0.4
44.
0.0
7.56
¢ 0.4
G.0
26.1
¢u2
0.0
G.069

8.
( 0.04
2080.
b, "

607C(

iy,
9.0

/704 0907786
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Table D.5.15 Chemical analyses of groundwa{L. » Green River, Utah, tailings site (Continued) (

FORMATION OF COMPLETION: ALLUVIUM
HYDRAULIC FLOW RELATIONSHIP: UP GRADIENT

e Soms e S fhea faae e S Seht el Seim e4s Led Seee Gt S St (o S See Ses Shan S0t S Aee 40 St bad a0s 3eS £emn Coun st vann e ' ﬂ(‘ '(“l L L‘ (\l I [) o ‘C‘”/\ l\“.'.'{ ', J ') (} fl l) l [') ('.; l)(_\] | FS e ins St e et e e e hae i ae deeb am et fhes are bie Shed eah sebe beb dben oRe o Svie See 484t Saae time oeim e
707-04  07/74%/82 707-04  GV/4h/82 707-04 44723782 70704 06/04/86 70704 0QY/07/864
UNIT 0OF PARAMETER PARAMETER PARAMETE PARAMETER PFARAMFTER
PARAMETER MEASURE VALUE+/-UNCERTATNTY VALUE+/~UNCERTAINTY VALUE+/-UNCERTALINTY VALUE+/-UNCERTATNTY VALUE+/-UNCERTAINTY

4904 G404 Al i 1 e St b bt it ke e nen aan Sa0s S e . Sowa Pt s 999 s Sia hert 4000 S400 save sers seen mmms e ma see: Yarh o s son seos cose Bae b0 e S0th o et s et s s st oat S 07 a4 s S0st ot nore i i T T O SO R T L T T ep——p—— SO e et 00k e e e et s . s cate e S s et st

JIN MGE/L - - - < G. 005 < 0. 005
TOTAL SULIDS MG/L YOE0.00 B840 .00 95460.00 2420. Y480.
URANI UM MG/t 0.046 0.02% 0.03 - 00425 G. Q090
UANADIUN MG/L ( 0.085 ( 0.05 < 0.05 0.29 O.46
ZINC MG/t - - - 0.023 0023
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: ALLUVIUM
HYDRAULIC FLOW RELATIONSHIP:z UP GRADIFNT

70704 03/43/87
P ARANM
VALUE+/-UNC

UNLT OF
MEASURE

PARAMETER
ALKALINITY MG/ CACOS 2614.
AL ENUN M.
AFPMONTUR MG/ <
ANT LMONY MG/ -
ARSENTC MG /L. -
BALANCE % -
BARIUM HG/A. -
BLCARBONATE  Mi/L -
BORON MG/L.
CAM UM MG/ -
CALCTUN MG/). 4245 .
CHILIDRIDE MG/l 29%.
CHROMIUM MG/ 0.03
LOBALT MG/L. -
CONDUCTANCE  UMHO/CH 4400.
COPPER MG/l -
FLUDRIDE MG /L.
GROSS ALLPHA  PCI/L
GROSS BETA PCI/L -
IRUON mG/L U.0%
LEAD MG/L. -
MAGNESTUN MG/L 35%.
MANGANE GE FiGi /L. 0¢.02
MERCURY MG/l - -
MOV YBDENUNM
NICKEL
NITRATE
NITRITE

0.5

MG /). < G4
MusLl -
MG /L 140.
MG/ -
ORG. CARBON MG/L -
PB-240 PCL/L -
PH 6l
PHOSPHATE MG/L. -
PO-240 PCI/L -
POTASS LUN MG /L., )
RA-226 PCI/L -
RA-228 PLLIZL -
AN NV MG/
STLCON MG/l
SILICA M/l -~
STLVER MG /L. -
S0D UM M /). 1920 .
STRUNTTUNM M/l -
SULFATF MG/l 5830,
SULE THE { 1G/1. -
TEMPERAT . - DEGREE 14.0
TH~230 PO -

0.0u4

<

5?.
0.1
0.4
0.04

0.4

440,
300.
0.01

8500.

0.b
0.0
0.0
0.03
380.
0.04

0.04

36.

4.
7.4

7.2
0.2

1.5
Gui2

1790.
L7200,

7.0

- LOUATION b
70704 40/02/87

P AR Ak
VAl LIE+/-DRCE

ITAINTY

= GAMPLE

PaRAT
VAL UE+/~Upli;

$60.

FR

0.54

HOP.
340.
{ 0.04

7480.

047
H4. 7. 38.
b4 . 17 . 2.
0.2
446 .
¢.03

0.20

8.7

354

7ub

6.9
0.4 0.
1.0 0.

0.374

SO
N

168G,

< 5420 .

13.7

707-01 0§/40/88

RTALNT

Y

ID OHD LOB DATE =ww e e e
70704 07743769
PARAME MER
RTAINTY

VAL UK +/-UN

F64.
0.0
< (G

0,624
< 0.G4

(O
0.004
407 .
330.
0. 44
4500,
0.01
0.5
0.
32.
0. 10
{ 0.01
331.
GuO2
{ 0.0002
0.08

25.

b4 .4

7 . 9d

22.2

Gu G
0.0
0.234
¢ 0.04
483G,

e
SR

7.
44

PARGHMETER
VALULH/~UNCERTAINTY
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Table D.5.15 Chemical analyses of groundwafé,, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: ALLLVTUN
HYDRAUL.IC FLOW RELATIONSHIPz UP GRADIFNT

707-04  03/43/787 70704 40/02/87
UNIET OF PARAMETER PARAMETER PARAMETER PARAMETER
FARAMETER FMEAGURE VALUE+/-UNCERTATHNTY VALUE+/-UNGERTATHTY VALUE +/~UNGERTATNTY VALUE+/-UNCERTHINTY

707-04 . 04740788

70704 07/48/88

TIN MG/L. - - - -
TOTAL SOLIDS MG/L 9430. Y000. Y090, BY80.
URANI LI MG/ 0.0409 0.046 0.0167 0.0084
VANAD LUK mMG/L - < 0.01 0.07 0.07

ZING MG/L. - < 0.00% Q.00 { 0.005

(,,



Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETTON: ALLUVIUK

€01-a

HYDRAULIC FLOW RELATLONGHIP: ON-S1TE
S ——— s v e | ODATTORM ID ~ SAMELE 1D GHD LOG DATE e e e oo o o o e s e
702-01 0//14/81 70_ 01 09/16/88 /0? 01 06/0//&6 /02 01 09/0//R /0) 01 09/)//06
UNET OF PARAME (FR PﬁRﬁN ’ﬁRhNP ER PnRﬁHlT}R

PARAMETER mzasunr anu:r/ UN(EHIGINIY UALUF+/mUNU (Iﬁ!NIY vn;naf/ uu VALUE /- UNI RTA]HIY VALUE+/ - UleR)AINIY
ALKALINITY NU/L CAL03 ?45.00 270.00 237 240“ 24

AL U NUM HnG /L. < 0.10 0.04 - 0.3 0.3

AMPTUN T U MG /L. - - 24. 24 . 24.

ANT THONY MG/L - - - 0.003 ¢ 0.003

ARSENTC neG/L. < 0.04 ¢ 0.04 ¢ 0.04 0.04 ¢ .01

36l ANCE % - - 0. 42 0.08 0.08

Bal v NG/ < 0.140 0.0% - G ¢ Ot
BICARBONATE  NMG/L 262,00 389,00 - - -

BORON i/, - - - 0.4 Oud

CADMIUM MG/L. ¢ 0.04 ¢ 0.014 ). 004 £ 0.004

CALGTUNM MG /L 470,00 - 499, $20. 520.

CHLORIDE FG/L 420,00 £04.00 9. 400, 100,

CHROPM T UK i /L ¢ 0.04 ¢ 0.04 - 0.07 0.02

coBaLT MG /L - - - 0.05 ¢ 0.05
CONDUCTANCE  UMHO/GH 4900.00 5560, 00 3500. 3900. 3900,

COPPER PG/L 0.027 0.0414 - 0.03 0.03

FLUGRLDE MG/, 2.00 2,00 0.8 0.9 0.9

UROSS ALPHA PiL/L 700.00 - - - -

GROGS BETA  PCI/L - - - - -

IRON G/L. ¢ 0.05 ¢ 0.05 0.07 0.03 < 0.03

LEAD MG/ ¢ G014 ¢ 0.04 - 0.01 ¢ 0.04

MAGNES TUM HG/L £60.00 150,00 122, 175. i75.

MANGANESE MG/ - - 0.37 G &7 0.47

PIERURY MG/L. ¢ 0.002 < 0.002 - 0.0002 ¢ 0.0002
MOLYBDENUM  MG/L ¢ 0.04 ¢ 0.05 0.27 0.0GY 0.40

NICKEL MG /1. - - - 0.05 0.05

NTTRATE M5/ 2.00 14,00 3. 440. 440

NTTRITE MG/L - - - 0.4 ¢ 0.4

ORG. CARBON MG/L. - - 70. 70.

PR-240 PCI/L - - - 4.4 f.b 3.5 1.6
PH s 7.20 6.95% 7 .04 6.4 6.814
PHUSPHATE MG/L - - - 0.4 ¢ 0.4

PO-240 PLI/L - - - 0.4 0.7 0.2 0.7
POTASS LN MG/L §4.00 14,00 §4.7 14.8 4.0

RA-726 PCI/L ¢ 2.00 ¢ 2.00 0. 0.4 0.4 0.2 0.1 0.2
RA-228 PCI/L ¢ 5. 00 ¢ 2.00 0. 0.9 0.0 4.0 0.8 £.0
SELENTUN MG /L. 0.25 0.0HY ¢ 0.00% 0. 400 0. 09

STLON MG/L 1. 40 - L .

511.1CA HG/L - - - 9. 9.

ST1LVER M /L. 0.04 ¢ 0.04 - 0.0 ¢ 0.04

SO0 TUM MG /L 840,00 04,00 294, BOO. BOG.

STRONT TUN MG/L - - - S.% 5.

SULFATE M /). 3260.00 0L, O0 3070 2900, s

SHILFTDE & G /1. - - - - (

TVHernTL_ ¢ - DEGREF 2é.L 00 K () 4%, e 200

TH-230 PLLsl. ¢ 9. 40 ¢ 0.0 a0 4. i3 0.4
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Table D.5.15 Chemica] analyses of groundwate,, Green River,

FORMATION OF COMPLETTONz ALLUYTUR
HYDRAULIC FLOW RELATIONSHIP: ON-SITE

PARAMETER

TIN

e e | OCATLON 1D - SAMPLE 10 AND LOG DATE o mm oo o
702-04 09/ 46782 /02-04  0&/07/86 70204 (v

702-04  07/44/82
UNIT OF PARAM
MEASURE VALUE+/~UNCERTAINY VALUE+/~UN

LIEVAW

TOTAL SOLIDS MG/L 4990.00 4870.00 5050.

URANT UM
VANAD I UM
ZINC

MG /L. 0.90 0.70 0.739
MG/ < 0.0 < 0.0% -
MG /1. - - -

2 f PARAMETER PARAM
RYAINTY VAL UL +/=URCERTAINTY VALUE+/~UNCT

Utah, tailings site (Continued)

/07786

TER

< 0004 {
5090,

1. 49

0.24

G023

(

P AN

0.00%
%100,
.49

0.023

02 V07 /86

L TER
RTAINT Y VALUE+/~UNGERTATINT Y
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: Al LUV IUM
HYDRAUL IC FLOW RELATIONSHIPs ON-S1TE

LNIT OF

702~03

Ov/07 /86

PARAMETER

PARAMF TER HEASURE VALUE+/~UNCERTATNTY
e soes o0 so0n smms e S ek $4as ot vt e o Bl WO R 15 s hn e e mab G e S S s e s 4 e _h
ALKAL INITY  MG/L CACO3 245,
ALLIMINUH MG/ 0.3
ARFONT U MG/L. 4.
ANT LHONY MG/L ¢ 0.003
ARGENLL FIG/L ¢ 0.04
BALANCE A 0.08
BARTUM MG /L. ¢ 0.4,
BICARBONATE  MG/L. -
BORON MG /L. G.4
CADM LU MG /1. ¢ 0.004
CALCIUM MG /1 520
CHLORIDE MG/L 100,
CHROMTUM MG /L. 0.02
CoBALT MG/L. ¢ 0.05
COMNDUCTANCE  UMHO/ZCH L3900,
LUPPER MG /L 0.03
FLUORIDE MG /L G.9
GROSS ALPHA  PCI/L -
GROSS BETA  PCI/L -
LRON MG/L ¢ 0.03
LEAD MG /L. ¢ 0.04
FAGNES LU MG/ 474
FANGANESE MG /L. 0.47
MERCURY MG/ ¢ 0.0002
MOL YRDENUR  MG/L. 0.09
NICKEL HG/L 0.05
NITRATE MG/L. 440.
NITRITE MG /L ¢ 0.4
ORG. CARBON MG/L 70.
PR-240 PCI/L 4.0
PH s 6.84
PHUSPHATE MG/L ¢ 0.4
PU-240 PCI/L. 0.2
POTASSIUN MG /L 14.8
RA-226 PCI/L ¢ 0.4
RA-228 PCI/L 0.0
SELENTUM MG /L. 0.099
STLCON MG/L -
SILICA MG /1. 9.

5 11.VER MG/ L ¢ 0.04
SODTUN MG /L. 800.
STRONTIUN MG/L. 4.5
SULEATE MG, 2980
SULFIDE (\ 5/1 -
TEMPERATUN, — DEGRFE 20,0
(11230 PG 1.6

0.8

e | GOATION XD =
Ov/0/ /86

70204

VAL UE+ /-UNC

24%.
0.3
24,
< 0.003
{ 0.04
0.08

< 0.4

0.4
< 0.004
520.
i00.
0.02
( .05
37900.
0.03
0.2

{ 0.03
{ 0.04
175,
Ou47
< 0.0002
0.40
0.05
440.
{ 0.1
70
4.2
6.84
{ 0.4
0.0
14.8
0.4
0.0
0. 400
?.
< 0.014
BQO.
H.5
296G,

20 .
1.9

PARAMETER
FRTAINTY

0.6

0.8

0.9

GAMNPLE

702085 O9/07/86
PARAMETER

VALUE+/-UNCERTALNTY

245.
0.3
24.
{ 0003
{ 0.04
0.08
{ 0.1

0.4
4 0.0014
H20.
100 .
0.02
{ 0.05
3900.
0.03
[{ I

¢ 0.03
{ 0.04
175 .
047
{ 0.0002
0.40
0.05
440G.

1.7
w3 G.7

G.2

0.8

1.0

1D AND LUG DATFE
702-01

PARARMETER

03/743/87

0.05

150 .
(.43

( G4
142 .

b.86

747 .
2950.

4.0

P AR AN

UALUE+/~UNC

274.
0.2
9.

TER

0.7

475 .
76
(.02

2650.
0.7
0?04

450:
0.42

{ 0.4

142 .

767 .

2950,/

4.0

702-02  03/43/87

HTAINTY
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Table D.5

FORMATION OF COMPLETION:

HYDRAULIC FLOW RELATLONS

UNIT OF
PARAMETER MEASURE
TIN MnG/L.
TOTAL SOLTDS MNG/L
URANIUM MG/L
Véanah Lun HGsL
ZING MG/L.

.15 Chemical analyses of groundwate., Green Rfver, Utah, tailings site (Continued)

Al LuvIUM
HIP+ ON-STTE
e o e e 1 4000 ne0e om sate a1a0 10 been Hans £4nw o 020 100D 41mt Fhne Ahve 040 4500 Sk Ak £ £ 40 L4 o0 aee Sond o0es 2o 1 008 L “ [' A l J [)N

702-03 Qv/0/7/86 702-04  Gw/0//786
PARAMETER PARAN
UNL UE+/~UNG VALUE +/~LUNC

D = SANMPLE 1D AND LUG DATE =~ =
702-0%  0Y/07/86 70204 03/43/787
‘R PARAMETER PARAMETER
RTAINTY VALUF+/~UNCERTAINTY VALUE+/-UNCERTAINTY
0.00% < 0.00% -
50Y0. 4860.
1.46 .96
0.24 -
0.023 - -

702-02  03/43/87

PARAMETER
VALUE+/~UNCERTAINTY

< 0.005 <
5090.
1.22
0.24 0.24
0.023 0.023

4360.
1.920
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FORMATION OF

PARAMFTER
ALKALINILTY
AL UM LNUM
ANMMONT UM
ANT THONY
ARSENTC
BALANCE
BARIUM
BICARBUNATE
BORON
CADMEUN
CatCIuUM
CHLOR LD
CHROMITUM
COBALT
CONDUCTANCE
COPPER
FLUORIDE
GRUSYS ALPHA
GROSS BETA
LRON

L.FAD
MAGNESTUNM
MANGANESE
MERCURY
MOL YBDENUR
NICKEL
NITRATE
NLTRITE
ORG. CARBON
Pe-240

PH
PHOSPHATE
PO-240
POASBSLUN
RA-226
RA-228
SELENTUNM
SULCON
STLICA

S LVER
SOUDIUM
STRONT LUM
SULFATE
SULFTOE {
TEMPERATD.
TH-230

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETION:
HYDRAUL IC FLOW RELATIONSHTP: ON-SITE

UHET OF
MEAGURE.

MG/l CALO3
MG/L.

MG /1.
sl
MG/

%
MG/
MG
MG/
MG/L.
MG/
MG/L
nG/L.
MG/tL.
UrHO/CH
MG/
MG/t
PCI/L
PCI/L
MG/L.
MG /L.
MG/
MG /L.
MG/l -
MG/l
MG/
MG/L.
MG/l
MG/L.
PCIsL
U
MG/L
PCI/N.
MG /).
FC1/L
rCL/l.
MG/L.
MG/
MG/L.
MG /L.
MG /L.
MG/L
MG/
MG/l

-6 = DEGREE

PCILzL

ALV UM

70203

PARAMETER
VALUE+ /-

27 4.
0.2
19.

0.7
47 4.
76

0.62

2650.

0.7

0.04

150.
0.44

0.1

142.

2.5

0.049

7468,

2950.

4.0

702-04  03/43/67
PARNTI
VAL U+ /- UNC

274.
0.2

18

G.049

767.

29506.

4.0

- SanrLE
/02-0%  03/13/87

Parnt

VAL UF+/~UNCE

27 4.
0.2
19.

768.
29506,

14.0

VAL UE+

<

T AR LOG DMATE  mrom o o omeesomoms o o e
702-04  10/06/87

PARAMETER
/=UNCERTAINTY

265 .
Vi

42

Ga0A4

0.4

460,
140.
0.01

4800.

0.8
450. 20.
147 . 44,
0.03
144,
G.27

G.04
5¢.
8.
6.90
2.7
0.3 0
4

2.8
Gu 040

BP0

SAGO.

14,0

247 .
0.39
24.8

0.04

O.44
449 .
Hé.

G.02

4090 .
076
4590,
340.
O.24
126,
0.28
0. 10
97.5

79.4

6.85

10.4
0.
0.3
0.349

806

290 \(

4.7

Q712748
PR AT

UﬁIUF+/wUNPFR{ﬁ1NYY

60.
20.
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HYDRAUL LT

UNLT OF
MEASURE

PARAMETER
TIN

TOTAL SULIDS
URANT UM
UaNAD TUM
ZINC

MG /1.
MG/
MG /L.
MG /L.
MG /L.

Table D.5.15 Chemical analyses of groundwatk., Green River, Utah, tailings site (Continued)

ALLUV TN

FLOW RELATIONSHIP s ON-S1TE

1D AND LOG DATE -
/0%

- LOCATTON 1D ~ SAMPLF

702-03  03/43/87
PARAMETER
VALUE+/-UNCERTALNTY

PARAMETER
VaLbL+/-

P ARAME
VALUE+/-UNCERTATNTY

4860.
2.23

- {

48460 . 4360,
2.07 2.145

G729
0.014
0.009

01 10/046/87

~UNCERTATNTY

FOL-04 04/ 4%

PARAN
VL U+ /= UNC

RTALNTY

4820.
4.0
0.0/
0.606
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Table D.5.15 Chemical analyses of groundwater,

FORMATION OF COMPLETION:z ALLIJYTUE
HYDRAULIC FLOW RELATIONSHIP: ON-SITE

s 1 o o e i e oo | (T T N

/()4 ()1 0//’1 é/”z’ /0/0 ()1 (M/() >/R.‘)

I’u’\l\hl’l} ll R Pl"an"xI‘lI;ll R

UNIT OF

PARANMETER MEASURE UAIUI*/ UN(IPIAJNIY UA[UI*/ UNtFRThJNlr
ALKALINITY MG/ CACOS 400.00 déw.
ALUMINUM /1. ¢ 0.40 -
AMMONT LN MG/L. - 44,
ANT EMONY F /L o -
ARGENIC MG < 0,04 < 0.04
BALANCE % - ~0.24
BARTUM MG AL - -
BICARBONATE  MG/L 484, 00 -
BORON MG /). - -
CADHTUM HG/L - -
CALCTUNM MG/ 450,00 483,
CHLORTDE MG/ 300.00 258,
CHROMLUM PG/L - -
OOBALT MG, - -
CONDUGCTANCE  UPIHO/CH $460.00 26850.
COPPER PG/ - -
FLUORTDE MG/ 2.00 1.1
GROSS ALPHA PCI/L - 200. 140.
GROSS BETA  PCI/L - 480. 60,
TRON MG/ < 0.05 0.09
L.FAD MG/L. - -
MAGNES LU MG/ 280.00 234.
MANGANE SE MG /L. - 0.98
FERCURY MG /L. - -
MOLYBDENUM MG /L < 0.0% 0.2%
NICKEL ML - -
NITRATE MG /. 4,00 20.
NITRITE MG/L. - - -
ORG. GARBON  HG/L - 104.
PB~240 PCL/L - qi. 0.9
FH 5U 7.90 744
PHUSPHATE mG/L - -
PO~240 PCI/N. - 0.4 Gub
POTASSLUM MG /L 46.00 8.7
A-2264 PGL/L ¢ - 2.00 -
RA-228 PCL/L - -
SELENT UM MG/, 0. 042 < 0. 008
SIL.CON FG/L - -
SIL1CA MG/ -
SILVER M /L. - -
SODTUM MG /1. 4550 'o ) 4290.
STRONT IUM MG /L ' -
SULFATE MG/L 4080 oo 4200,
SULEF LDE G /1, -
TFMPERAT&\ L~ DEGRFF 24,00 15.

TH=-230 > pPLi/L - 0. 0.2

I = S4amp1E

1D AN L0G DATE
/'()1 ()1 0'9/()//(:’(

PR a"ll l ER

UAI UI- +/ HNL[RIAINI’Y

38.
( 0.003
< 0.04
-0.09
< Oud

0.4
4 0.GOA4
B34,
480 .
0.02
0.06
&400.
0.04
1.2

0.03
{ .01
247 .
0,48
< 0.G002
O.44
0.05
350.
{ 0.
70.
1.5
/.44
< 0.4
0.0
20.0
G.G
0.0
0.092
10.
< 0.04
2040.
b.b
52‘3’0.

22 .
i

0.7

7("(0-‘ ()1

Green River, Utah, tailings site (Continued)

Pr.um'u
VAl Ue+/ ~~'UN( I

J/ S
0.2
36

0.5

43

225,

0.0
40L0.
4.4

0.0%

220.
G.52

0.4
167 .

745

32.0

(. 002

1840,
LALG.

4.5

O 1/1 3/87 /()/0 ()1

l‘u’)l{nl‘llzz.lt R
VAL UE+/~UNCE

449,
220.

0.02

6780.

7.0

3.8
G.
[yt
G220

1690.
484

43,7

() i/ 11’/88

R!AJNTY

60.
30.



011-d

A
v
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FORMATION OF COMPLETLON:z

HYDRAULIC FLOW RELATIONGHIP 2

UNTT OF
PARAMETER MEASURLE
TIN MG/l
TOTAL. SOLIDS MG/L
URANTUM MG/L.
VaNAD LUN MG/L.
ZINC MG/L

Table D.5.15 Chemical analyses of groundwate,, Green River, Utah, tailings site (Continued) <

ALLBDVTHM
ON-SITE

704~04  O7/44/82
PARAMETER
VALUE+/-UNCERTAINTY

e L OUATTON 10 =
704=04  0b6/05/86

SArMPLE 1l AND LOG DATE e
704-04  QY/N7/B6 704-04  0d/743/897

PARAFETE
VAL UF+/~LINC

704-04 0i/42/88
PARAMETER
VALUE 4 /~UNCERTALINTY

PARAMETER
VALUE+/~UNCERTAINTY

STER
RTALNTY

PAaRrnr
VALUE+/~-UNL

- ' - < 0.00% - -
7420.00 85830, B490. BOY0. 7840.
0.70 0.487 0.208 (254 0.4
4 0.0% - 0.24 - 0.07

0.02% - G.042
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FORMATION OF

Table D.5.15 Chemical analyses of groundwater,

COMPYEETFYON: ALLUVTUN

HYDRAULLC FLOW RELATIONSHIP: ON-STTE

PARAMETER
ALKALINITY
ALUMINUN
AMMONT Ui
ANT LMONY
ARSENIC
BOLANCE
BARTUH
BICARBONATE
BORON
CADRIUM
CALLTUM
CHLORIDE
CHROMIUM
COBALT
CONDUCTANCE
COPPER
FLUORIDE
GROSYS ALPHA
GROSS BETA
IRON

LEAD
MAGNES LU
MANGANE SE
MERCURY
MOL YBDENUM
NICKEL
NTTRATE
NITRITE
ORG. CARBON
PB-240

PH
PHOSPHATE
FO-240
POTASS UM
RA-226
RA-728
SELENTURN
STLCON
STLICA
SILVER

SOD LM
STRONT TUM
SULFATE
SULFTDE (
TEMPERAT
TH=-230

705-014

07/ 45782

UNIT UF PARAMETER

MEASURE VALUE+/-UNCERTAINTY
MG/L. CACOS 250.00
MG/L 0.27
MG/L -
MG/ -
MG/L. < G.04
A -
MG/L. -
MG/t 305 .00
MGi/). -
MG/, -
M/t 450.00
MG/L. 400.00
MG/L. -
MG/L. -
UMHO/ZCH 15400.00
MG/L -
MG/l 1.00
PCL/L -
PCI/L -

M /L. < 0.085
MG/L. -
G/l 280,00
MG/t -
nMiG/L -
MG /L. < 0.08
MG/ -
MG/L 1.00
MG/1L. -
MG/L -
PCL/L -
SU 7.20
MG/ -
PCI/L -
MasL 16,00
PCI/L { 2.00
rCI/L -
MG /L. ¢.023
MG/L -
MG/l -
MG/L -
MG /1. 16806.00
MG /L. -
MGl 5440.00
MG/ -

C ~ DFGRIF 18.C0

PCL/L -

o e = | (JCATION LD —

Green River, Utah, tailings site (Continued)

SAMPLF
/Ob 04 06

PﬂIﬁHfWi-
TATHNTY

1D AND LOG DATE
06/86

/07“01 09/07/86 IOH Oﬁ 02/)4/87

705—04

U?/ié/ﬂ?

PﬁRﬁHFl[R

PARAMEILR

UA[UE*/ UN(PRIALN(Y VALUE+/~UNCE UAIUL*/ UNlERIﬁJNIT UﬂlUtf/ UN[.RTﬁlNTY
£44.0U 294. “98» 346u
( 0.04 - 0.4 < 0.1
- 27. 414. 8.0
- - 4 0.003 -
{ 0.04 { 0.0A1 ¢ 0.04 -
e ~0.09 ~-0.04 -
0.G14 - < 0.4 -
298.00 - -~ -
- - 0.6 0.35
¢ 0.014 - { 0.004 -
490.00 454 . 483. 443.
324,00 3214. 140. 369.
¢ 0.04 - 0.02 0.04 :
o - 0.08 - |
BR40 . GO 4900. 6200. 4700. i
0.024 - 0.04 - |
< .00 0.8 0.8 0.63
{ 0.05 0.07 0.06 0.05
{ 0.04 - 4 0,01 -
330.00 268. 346 . 344,
- 0.02 0.03 0.03
{ 0.002 - < 0.0002 -
{ 0 0OY G.24 0. 46 { 0.1
- 0. 40 -
6.00 S 22. 8.9
~ - 4 0.4 -
7.43 746 7 .34 7 .34 |
- ~ ¢ 0.4 -
48.00 19 .4 20.4 4740
< 2.00 - - -
< 2.00 - - -
0.014 [{ 0.008 { 0.00% Gu44
6.70 - - -
- - 7. -
4 0.04 - { 0.01 -
1840.00 2400. 2090. 2450 .
- . . - bHab -
5024.00 <T 5930, H420 . 6594
19.00 15, LRSI 142
< 0. 40
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L (
‘ Table D.5.15 Chemical analyses of groundwate: , Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETTON: ALLUYIUN
HYDRAUL IC FLOW RELATIONSHIP: ON~SI1TE

T e e LGCATION ID = SAMPLEF D AND LUG DATE e e oo

70504 07/44/82 705-04  0v/4i6/82 705-01  04/06/864 70504  09/07/86 70504  Qe/24/787

UNIT OF PARAMETER PARAMETER PARAMETER PARAMETER PARAMETER
PARAMETER MEASURE VALUE+/-UNCERTAINTY val UE+/~Un TAINTY VALUE +/~-UNCERT | VALUE+/-UNCERTAINTY VALUE+/~UNCERTAINTY
TIN nG/L - - - < 0.00% -
TOTAL SOLIVS MG/ 3390.00. 3480.00 vu70. ?730. 10400.
URANTLM MG /L 0.0 0. 448 0.044% 0.048% 0.0%78
VANAD LUM MG/L < 0.05 ( 0.0% - 0.21 -
ZINC MG/, - - - 0.027 -
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FORMATINN OF

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETTON:

ALTUV IO

HYDRAUL 1C FLOW RELATIONGHIP: ON-STTE

PARAMETER
AL KALITNITY
ALUMINUNK
AMMONTUM
ANT LMONY
ARSENTC
BALANCE
BARTUM
BICARBONATE
BORON

CARM UM
caLcIun
CHLORIDE
CHROMI UM
COBALT
CONDUCTANCE
COPPER
FLUGRIDE
GRO%GS ALPHA
GROSS BETA
TRON

LFAD
MAGNES LUH
MANGANF GE
MERCURY
MOL YBDE NUM
NICKEL
NITRATE
NITRITE
ORG. CARBON
PE~240

PH
PHOSPHATE
PO~240
POTASS UM
RA-2226
RA-228
SELENTUNM
SILCON
SILICA
SILVER
S0D1UM
STRONTXUNM
SULFATE
SULF ILDE
TEMPERATUN
TH-230

UNTT OF
HF WURE
Nb/l LALUJ
MG/l
MG/
MG/1.
MG/l
%
MG/L.
MG/L
MG/L
MG/
MG /L.
MG/L
M3 /1.
nG/L.
LMHO/ZENM
mGsL
Miz/t.
PCLAL
PLI/ZL
MG/L
MG /L.
MG/
MG/
LV aWE
MG /1.
MG/l
MG /L.
MG/L
MG/l
PCL/L
G
MG/L
PCT/L
MG/
PCI/L
PCIzL
MG/
MG/l
MG/L.
/L.
MG/t
MG/
MG/L.
RIEVAN

¢ - DFGRFF

PoL/L

10/06/87 /0 04

705*01

PARAME

VALUE+/-UNCERTALNTY

302.
< 0.1
42.

< 0.04

0.4
420.
360.

{ 0.04

?800.
0.8
145.
74.
< 0.03
340.
< 0.04

0.03

4.5

5.
7.2

16.3
0.5
.2

< 0.00b

2300.

SEON.

16.5

3 3% .
0.37
36.1

0.02

Omvu
425,
370.
.02
P070.
0,66
b8, 59.

b7 . ?3.
0.22

345,
0.03
G.24
3.9

7.3
7.45

A7.7
Gu4
0.4

0.367

2540,

HHIO .

A5.0

== LOCATION 1D -
04/42/88

PhNuNFTFR
U(\I Ul— +/ - Ul\'( Flﬂ(\ﬂ']r

705—04 0/ ’4/R8

PﬁRﬁNier

26/.
0.49?
35.

0.018
{ 0.04

0.47

0.072
366
329.

G.43

6500,
0.04
0.7
44%. 0. 73.
33 26. 40.
Q.09
¢ 0.04
243.
0.0
{ 0.0002
G.0Y

1.9

746
7.24

19.7

G.4 0.0

0.8 0.5
G437

SO
N

0.02
4920 .
G950,
( < 0.
46.0G

UA[U}+/"UNFIR]AINTY

SAMPLE ID AND LOG DAE
86804

<

10/?J/87

0

VAIIH + llN[FFlIAIf'IY

270.
0.4
19 .14

0.04

0.4

530.
104,
0.04

45060

G.b
60, 120.
340, 54,
0.03

6%
0.51

0:01
137
42?
6.8

0.5
GG O

0.4 0.9

0.32

720
3000,

A7.0

<

<

808w0?
PﬁRﬁM
UﬁLUI*/ UNV

Q/Ou
0.1

18.7

0.04

Gu4

G20.
100.
G.04

4500.
0.7
?50.
450,
0.03

464?
0.45
G ... 04

443;

13.

6.8

0.6
0.2
0.2
O.34

700,

300(

47 .0

;R
KTATINTY

10’2 /U/

130.
88.

> O
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Table D.5.15 Chemical analyses of groundwate, , Green River, Utah, tailings site (Continued) Q

FORMATLON OF COMPLETION:z ALLUYVIUM
HYDRAULLC FLOW RELATIONSHIP: ON-GTITE

e 4 0nd 1308 soae Sree T Tamt vee Cras S99 $H08 Sovs o P Hm i S b fakn <4ve 44 4P 144K SLOn £RV9 1o80 S000 43em wham omd 1ot Sotn 1000 l (’CA'I I “N J ’) - S{“rl P I l:ﬁ' j |) {\N L) L “ [‘ l) (.\ ]l' 4400 1288 o Sh0s Lht A sens e ansm nam avsm nase are 440 et SeRA 88 wren ees s eers Sre o
705-04  40/06/87 70504 04/12/788 7065-04 07/24/88 80801 R 102E)
UMY OF PARAMETER PARAMETER PaRAME TER PARAMETER
PARAMETER MEASURF VALUE+/~-UNCFRTAINTY UALUE+/-UNCERTALNTY VALUE+/-UNCERTALNTY VALUE +/-UNCE

PARAPIETER
RYAINTY VALLE+/~UNCERTARINTY

TIN MG /L. - - - - -
TOTAL S0LIDS MG/L 10400. 10800, Ye230. 4280, 4960 .,
URANT UM MG/ 0.084 0.0647 0.0524 .34 .64
VANAD TURM MG /L { 0.04 0.07 0.07 ¢ 0.04 < 0.04
ZTINC MG /1. < 0.00% 0.007 { 0.00% 0. 036 G.G42
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FUORMATION OF COMPLETTON: ALLUVIUM

HYDRAULIC FLOW RELATLIONGHIP @

PARAMETER
ALKAL INLTY
ALUHTNUR
AMFONT UR
ANT [FONY
ARSEN]C
BALANCE
BARTUM
BICARDUNATE
BORON
LCADH L UM
CAlL CTUM
CHLORTDE
CHROM UM
CUBALT
CONDUCTANCE
COPPER

Fi UORTDE
GROSS ALPHA
GROSS BETA
LRUN

LFAD
MAGNE S [ UrI
MANGANE SE
MERCURY
ML YB DENURM
NICKEL
NITRATE
NITRITE
ORG. CARBON
PB~240

PH
PHOSPHATE
PO-240
POTASSIUN
RA-226
RA-228
SELENLUM
SILUON
S1LICA
SI1.VER
SORTUM
STRONT LUM
SULFATE
SULFIDE
TEMPERATI
TH=230

UNIT OF
MEAGURE
MG/L. CACO3
Mi/L
MG/l
MG/L
mG/L
%
MG /1.

MG /7L
MG/1.
MG/
MG /L.
MG/
MG/u.
MG/L
UMHO/CM
MG/L
MG/L.
PCI/ZL
PCI/L
MG/L.
MG/t
MG/L.
MG /1.
mMG/L
MG/t
MG/1.
MG/l
MGriI.
MG /L.
rCI/L
U
MG/L
PCI/L
MG/
PCI/L
PCE/L
MG /L
MG /L.
nG/t.
MG /L
MG/l
MG /L.
M /L.
1671
G - DEGREF
PCTAAL

808-03

ON-GITE

10723787

PARAMETER

VALUE+/~UNCERTAINTY

<

270.
0.4
16.7

0.04

0.4

540¢.
P9
0.01
4500.
0.7
700. 145.
45G. 7%,
0.03

457:
0.46
0.04

129?

42:

6.8

690,
3000

17 .G

BO8-04
PARAMETE
VAL UE+/~UNCERTAINTY

<

27G.
Ouf
8.9

0.04

Oul

460,
8.

0.01

45060.
0.7
1020.

440Q.
0.03

156.
0.45%

0:04
142.

12.

6:8

670.
3000.

7.0

s e | (CATTON 1D =~ GAMPLE
808-05 40/

P ERAME TEF

TATNTY

VAaLLiF+/7-UN

270.
< 0.1
8.9

490.
f02.
( 0.04

4500.

6.8
8140.

370.
< 0.03

440 .
180.

150.

G.49

{ G.04
4144,
.

bH.8

0.5

) 0.0

i.6 0.0

0.3

656G,

( ' 3000 .
: 7.0

D AND LOG DATE

BO3-04

226 .
0.38
419.14
0.01
G.47
460
83.

0.04

4G20.

C.72
140. 950 .
59. 480G.
0.2
133.
0.54
0. 40

70.

76,
7.0
0.4
Guid G.
0.1
GL502
708,
2540,

4.4

PARAME
VAaLUE +/-UNCERTAINTY

04744788

460 .

20.

(o]
+
frs RN

VAL UE +/~UNC.

<

BOB-02  01/44/68

TER
RTALNTY

PARAN

226
0.39
18.6

GO 4

0.4%
452,
/8.

G.04

4020.
0.73
YOO 60.
H00. 20.
0.2
430.
0.55

G.44

&Y.
77.2

7.0

0.5

O G.4
0.4
(.428

H93.

2&6((

§4.74
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FURMATION OF COMPLETION: ALLUY UK
HYDRAUL LG FLOW RELATIONSHIP: ON-&1TE

B308-03 10/
UNIT OF

PARAMETER HEASURE
TIN MG/ -
TOTAL SOLIDS MG/L 4970.
URANT UM MG/ 1.23
VANAD TUR MG/t < 0.04
ZINC MG/L. 0.029

PARAMETER
VALUE+/-UNCERTAINTY

PARAMETER
VALUF+/~UNCERTAINTY

- LOCATION 1D -

SAMPLE

i

AND LOB DATE = e

BO8B-0%  40/23/787

PARAME

TER

VALUE+/-UNCERTAINTY

<

4960.
1.67
0.01
0.035

BOB-04  04/44/88

PARAMETER
VALUE+/~UNCERTAINTY

4640
1.67
D.06
0.046

Table D.5.15 Chemical analyses of groundwate., Green River, Utah, tailings site (Continued) (

BOB-02 01714784
PARAME
VAL UE+/~UNTL

ER
TAINTY

4640 .
1.80
0.06
0.014
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FORMATEION OF

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETION:

ALLBYTUN

HYDRAUL IC FLOW RELATIONSHIP: (N-STTE

PARAMETER
ALKALINITY
AL UM TNUM
AMMON UM
ANT LMONY
ARGENTL
BALANCE
BART UM
BTCARBONATE
BORON
LADMLUM
CaLCTUM
CHLORIDE
CHROMTUM
cuBaLT
CONDUCTANCE
CUPPER
FLUORIDE
GROSS ALPHA
GROUSS BETA
LRON

LEAD
MAGNESIUM
MANGANF SE
MERCURY

MO YBDENUM
NICKEL
NITRATE
NITRITE
ORG. CARBON
PB-240

PH
PHOSPHATE
PO-240
POTASSIUN
RA-226
RA-228
SELENTURM
STLCON
SILICA
SILVER

SOD T
STRUNTTUM
SULFATE
SULFIDE
TEMPERAT
TH-230

.

UNET OF
MEASURE
MG/l CACOS
MG/

M /L.
MG/
Nh/l

MF/[
[L[EVAR
MG/
MG /A
MG /A
MG/L.
i/t
MG/l
UrHO /G
MG/L
MG/
PCE/L
PCIZL
MG/L.
MG/L.
MG /L.
MG/
MG /L.
MG/t
MG AL
MG/L
MG /L.
MG/l
FCL/L
HU

MG /L.
PCI/L
MG/l
PCI/L
PCL/L
MG /L.
MG/l
MG/
mG/L
MG /L.
MGl
MG/
NitVaR
<o~ DEGRFE
PCI/

808*03 01/11/%8

PARAMETER
UAIUk*/ UNFIRIAINTY

??6.

0.4
18.6

0.01

920. 60,
490. 20.

76.6

7.0

0.6 e

0. God
O. 0.7
0.444

808045

POARGIE TE
UAIUr+/ UNLLMTA!NI.

226.
0.4
18.6
0.04
Q.47
455,
78.
0.04

4020.
0.7
?40.
490.
0.49

131.
0.53
0.44

cm—mmm = LOCATION TD
04/44/88

60.
20.

UAIUL*/ JNILR101NTY

- SalMPLE
HOB”O“

D AND LUG DAE
01/11/HB

RH”" ”‘R l'ﬁl'lﬁl'“ ILR

UAIHI#/ UN(IHIAINIY

226,
0.4
18.6

( Q.04

O.4%
4546,
783.

0.04

4020.

0.7
1200. 109 .
530. 20.
0.2
132.
0.54

0.40

67,
75.5

7.0

10.3

0. 0.1
0. 0.8
0.72%

6914.
2670.

44,4

UﬁlUIr/ UNUW

RthIFR
(lﬁlNTY
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Table D.5.15 Chemical analyses of groundwate., Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETION: aliuviumM .
HYDRAUL.IC FLOW RELATLONSHIP: ON-SITE

ot st o | GOATTON LD = SAPPLE LD AND LOE DATE e e o om oo omics e om e oeim s o s s oo o e s e
80803 04/44/88 BOB-04  04/141/88 Ho8-05%  0i/441/88

UNIT OF PARAMETER PARAMETER PARAMETER
PARAMETER MEASURL VAL UE+/-UNCERTAINTY VAL UE+/-UNCERTAINTY VALUE+/-UNCERTALNTY
TIN MG /1. - - -
TOTAL SOLIDS MG/L ) 4640. 4620. 4640.
URANTUM mMG/L. .72 4.80 1.69
VANAD LUK MG/L. 0.07 0.06 0.06
ZTNC MG/L 0.014 0.042 0.044

MAPPER DATA FILE NAME: GRNOAXUDPGWW 402463
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETIUN: ALLUVIUNM
HYDRAUL IC FLOW RFLATIONSHIP: CROSS GRADIENT

i et s e e | GGATION LD = GAMPLE LD AND LUG DATE e o ooeomece i o o o s s s e e set e en o oo
708-04  09/1%/82 708-01 70804  9v/07/786 708-04  02/2%/87 76804 04714789

UNILT OF PARANMETER PARAMETER PARNIIFTER PARAMETER PARAMETER

PARAMFTER  MEASURF  VALUE+/-UNCERTALINTY  VALUE+/-UNCERTAINTY  VALUE+/-UNCERTALNTY  VALUE+/-UNGERTAINTY  UALUE+/-UNCERTALINTY
ALKALTNLTY  WG/L CACO3 272.00 264.00 283, 263, 206.

ALUH TNUR FIG/L 0.0 0.037 0.2 ¢ 0 4 0. a5

AHMONT U HG/L - - ¢ 0.4 8.2 ¢ 0.4

ANT LMONY MG/L - - ¢ 0003 z z

ARSENIC MG/L ¢ 0.04 0.007 ( 0.04 - 0.04

HAL ANCE % - z 0.01 - Z

BARTUM MG /1. 0.024 - ¢ 0.4 - -
BICARBONATE  WG/L 332 00 348.00 z - -

BORON MG/L - - 0.4 0.23 0.6

AN L UM PG/L ¢ 0.04 - ¢ 0004 z z

CALCLUM MG/L. 44600 349,00 542, 363. 405.

CHLOR IDE /L 3431 00 592,00 150 358 320,

CHROMI UM MG/L ¢ 0.04 - 0.03 0.04 0.04

CUBALT MG /L Z - 0.09 Z z
CONDUCTANGE  UMHO/CHM 1040000 9670.00 6750. 4650. 6700.

COPPER MG /L 0,033 - 0.03 z :

FLUGR I DE MHG/L ¢ 4.00 ¢ £.00 0.7 0.50 0.5

GROSS ALPHA PCI/L - - z - 34, 37.
GROSS BETA  PCI/L - - - - A7 27.
LRON MG/L. ¢ 0.05 - 0.06 0.0% 0.2

LEAD MG/L. ¢ 0.04 - ¢ 0.04 - -
MAGNESIUM  MG/L 325 00 349,00 320 343, 490.

MANGANESE  MG/L - N 0.03 0.0% 0.02
MERCURY MG /L. ¢ 0.002 - ¢ 020002 : :
MOLYBDENUM  PG/L < 0.05 - ¢ 0.0% 0. 44 ¢ 0.4 0.43

NICKFL MG/ z : 0106 z Z

NTTRATE MG/L, 2.00 ¢ 5.00 9. i.6 4.3

NITRITE MG/L z z ¢ 0.4 - Z

ORG. CARHBON MG/L - - - - 55.9

PH S0 6.97 6.97 7.28 7.64 74
PHOSPHATE  MG/L - - ¢ 0.4 - -
POTASSIUN  MG/L 24.00 48.00 2201 16,6 §2.9

RA-226 PEI/L ¢ 2.00 ¢ 2.00 - - 0.1 0.4
RA-228 PCL/L ¢ 2.00 : - - 0.0 0.8
SELENLUN MG /L. 0.04% 0.044 ¢ 0.005 0.40 0.284
STLOON FG/L .70 z - - -

SILICA MG/L - A - 7. - -

SILVER MG/L ¢ 0.04 - ¢ 0.04 - -

SODTUM MG/L 227500 2400, 00 4980, 2320. 1766,

STRUNTIUM G/ - : 0oy z -

SULFATE MG/L 5409006 5684, G0 4480, 6280. 4800.
TEMPERATURE  C — DEGREE 21,00 13.00 B 20, 1010 g

TH-230 PCI/L ¢ 0. 40 - / - -

TIN ( M/ L z - ( ¢ 0.00% -

TOTAL SON PiG/L B940. 00 919000 9340, G400, IB0u

HRAN £ M/l 0.027 0.034% DL GOBO Q077 (VINVR Va3
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FORMATION OF COMPLETION:

HYDRAULIC FLOW RELATIONGHIP:

ALLUVIUN

CROSE GRADTENT

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

DATE e S

SAMPLE T AND LOG -
708-01 /87

0R/0/786

- i e e | GEATTON 1) -
70804  09/45/82 708-04  44/23/82 708-014

TER
RTALNTY

PaRA
VALUE +/~U

=R PARAGHMETER
RTATNTY VAL UE+/-UNCERTALNTY

< 0.0%

UNIT OF
PARAMETER MEAGURE
MG/L
MG/L -

VﬂLUF+/_UNCER{ﬁ1NTY Uiy

VANAD TUM 0.22 -
ZINC 0.024 -

L

70804 04/14/88

LUE+/~UNUERTALNTY

0.06
0.046
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORPIATLON OF COMPLETION: SHALE
HYDRAUL TG FLOW RELATIONGHIP: UP GRADIFNT

PARAMETER
Al KAL INITY
ALLMTNUR
APIMONT UM
ARGENIC
BARIUM
BURON
CALMTUM
CALCLUM
CHLORIDE
CHROMIUM
CONDUCTANCE
LOPPER
FILLUGRLDE
GROSBS ALPHA
GROGS BE1A
LRON

LEAD
MAGNESTUN
MANGANESE
MERCURY
MOLYBDENUN
NITRATE
ORG. CARBON
PH
POTASSTUM
RA-224
RA-228

SE LU
S1LVER

SO0 UM
SULFATE
SILETDE
TEMPERATURE
TOTAL R0L DY
URAMNT M
VANAD LM
LZINC

UNIT OF
MEAGURE
MG/l CALDR
mG/L
MG /1.
MG/L.
MG/L.
MG/

MG /L.
MG/l
MG/l
MG /L.
UMHO/GM
s/l
MG /1.
PLL/I
PCIAA.
MG /L.
Mii/zi.
MG /1.
MG /L.
MG/
mG/L
MG/l
MG /L
au
Mei/L.
PCL/L.
PCTI/.
MG/
MG /1.
MG /1.
MG /L.
MG/l
€ - DEGREE
MG/L.
MG /L.
M/l
MG/l

BOA-O4

PARAMETER

10/

Y3/87

VALUE+/~UNCERTAINTY

<
<

~ A

?084.
0.1
0.2
0.04

0.8
4.9
108.
0.04
2750.

1.8
0.0
4.5
0.03
.54
0.01
0.0
1.0
4.
7.9
.42
0w
0.3
2.005%

850.

570.

16.0

27200.

0.003
0.01
Ga Q0

23

18.

0.1
0.9

B &

<
<

(

PARAM

VALUE+/7-UMCERTA

P& .
0.1
O
0.04

0.9
ba.20
160,
0.0°?
2870,
1.9%
L
2.3
0. 12
1.54
0.04

0.0
0.
289,
3.0
157
0.3
0.
0,048
874,
770.
14,6
2AQD
0.0003
0.01
O.05Yy

o e e L OCATTON
01 01/40/88

13.
?.4

0.2

0.9

<
4

(

m - SAMPLE
$506-04

PRb .
0.01
Oui
0.007
0.04
0.8
0.026
4.73

200.
0.04

2800,
0.014
3.5
0.
138
0.04
0.04

1.37

0.04
0.0002
0.0z
0.3

182,
8.07
1.6
0.0
G.ud
0.022
0.04

W23 .

b2 .
0.4
47 .0

PRAGO.
0.0003
0.04
GL00%

TATINTY

9.

I AaND LOG DATE ===
077247398
PARAMET
VALUE +/~UMCE

BO7-014

627 .
{ 0.4
0.4
4 0.04

0.8
83,
100.

< 0.01
8000,

SO O
S S Co

.03
45:.
0.04
0.07
670,
19.
7.6%
4.4
.5
4.1
047

2260,

4000,
47.5

7550.

0.00%

{ 0.014

< ¢.005

10/06/07

P ARANL
VALUE+/~LINC

TOLNTY

BO7-04

01/07/80

&43.,
0.4
0.1
0.024

0.4

137.
100.
0.02
B8HBC.
1.24
36. KM
aa. 49.
0.14
H4.7
.05
Gudd
7% .
176 .
7.4
Hal
Oud 0.
0.8 .4
0.725
2450,
4 460.
14,3
PH40.
CLG0%3
O.02
G.043

PARAMETER
VALUE+/~UNCERTOINTY

32.
35.
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FORMATTON OF COMPLETTION: SHALE
HYDRAUL1LEC FLOW RELATIONSHIP: ON-G1TF

704-04 07/ 44792

UNIT OF PARAMETER
PARAMETER MEASURE VALUE+/-UNCERTATNTY
TOTAL S0L.IRS MG/L 6040.00
URANTUM MG/ 4.40
VANAD I UM MG /L. < 0.0%
ZINC MG/l -

701-04  0A/06/006

PARAMIETER
VAL UE+/~UNCFRTAILNTY
7410,
3.494

LOCATTON

ID = SAMPLE 1D AND LOG DATE e
70403 Q6/06/04

704-02 Q67067864

PORMMETER
VALUE+/=UNCERTATNTY
7460.
2.94

PORAMETER

UALUF+/~UNCEHfﬁJNTY

7400.
2.99

Table D.5.15 Chemica] analyses of groundv& ., Green River, Utah, tailings site (Continued) <

704-04  06/04/06

PARAMETER
VALUE+/-UNCERTALINTY
7420.
2.98
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FORMATEON OF
HYDRAUL LG FLLOW REDATIOMSHTP

PARAMETER
ALKALTNITY
ALUMINUM
AMFHONTUM
ANTTMONY
ARSENLLE
BALANCE
BARTUM
BICARBONATE
BORON
CADITURN
CALCIUM
CHLDRIDE
CHROFTUM
COBALT
CONDUCTANCE
COPPER
FLUORINDE
GROSS ALPHA
GHROGS BFTA
IRON

LLFAD
MAGNESY LI
MANGANESE
MERCURY
MOLYBDEMNUM
NTUKEL
NITRATF
NIIRITE
ORG. CARRON
PR-240

PH
PHORPHATE
PO-240
FOTASRSTUM
RA-224
RA-228
SFLENTUM
SILTGA
SILVIFR
BODTUN
STRONTIUM
SHLIATE
SLILFINE
TEMPERATY
TH-220 (
TIN

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETTON: SHALE

UNTT OF
MEASLIRE
MG/l Catn3
MG/
MG /L.
MG /L
MG/l
"
MG/L.
MG/l
MG /1.
MG/L
MG /L.
MG/
MG/L.
MG/
UrHO /0
MG/
MG/L.
PCL/L
PCI/.
MG/l
MG/
MG/l
MG /1.
MG/
MG/I.
MG/
MG/L
Mzl
MG /L.
PCT/L
sl
MG/l
PCY/LL
MG/
PCI/L
PCL/L
MG /L.
MG/
MG/
M3 /1.
Mii/).
MG/

BEGREE
PCTAL
MG AL

704-0%  046/04

VALUE+/~UHNL

442 .

30.

{ 0.04
=0.02

H540.
140.

H000.

0.2

0.G8

190.
2.7

0.2

4490.

7 .67

13.3

ON-&STTF

PARAMETER

70404 09707784

P AR
VAL +/ -
ays.
0.3
0.
4 0.003
< G.0d
0.09
Gud
Qué
{ 0.001
337.
100.
GL 0%
0.09
500,
0.03
4.0
0.05

{ G0

ATHTY

¢.8

0.3
1.0

70504
PARAMETES
VALUE+/~UNCERTAINTY

407 .

0,2

an.

0.6

b6 .
4.

¢.03

4400.

1.0

0.42

140,

G4

.60

2460,

7o 488

0.8

1900

0. 450

REPANS

14

i i i e | GEATTON D = SAMPLE 1D AND LUB DATE ——m e
704-014

P ARAME

1Q/96/87

R

VALUF +/~UNCFRTATINTY

<

398.
0.1
47 .

0.04

0.4

ar0.
V.
.01

6200.

1.0
970.
270.

0.03

180.
.65

.04

1420,

44
6.8%

P.6
0.8
1.0
0.37

1300.

3400,

£1465.0

120.

bHé .

0.3
0.8

704-04 04/ 12/88
PORAMETER
VALUE+/~UNCERTAINTY

253.
0.4

47 .7
.04

CLb9

407 .
Yé .
0.02

5450,

0.92

1400.

1020.
440.
6.8
0.4
Q.1

0.8
0.546

1490,

3000,

1(:—-

100.
40
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( Table D.5.15 Chemical analyses of ground(\ ., Green River, Utah, tailings site (Continued) <

FORMATION OF COMPLETEION: SHALE
HYDRAULIEC FLOW RELATIONGHIP 2 ON-GTTE

: s LOCATION 1D = SAMPLE ID AND LOG DATE oo oe o om imms ot  momim mm — mcmom om
047067026 70401 OV/07/84 704-04  03/13/07 70404 40/06/87 70404 04/42/98

UNIT OF
PARAMETER MEAGLIRIK
TOTAL SOLIDS MG/L 7070. L4600, 6430.
LIRAN UM MG/l .59 i.71 2.23
VaNan LU MG/L - 0.4t - < 0.01 .07
ZING MG /L. - D.047 - 0.038 0.044

PARAMETER PARAPFTER PARAME TER PARAMETER
VALUE+/-UNCFRTATINTY VALUE+/~-UNCERTAINTY VALUE+/-UNCERTALNTY
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FORMATION OF COMPLETINN:
HYDRAUL IC FLOW RELATLOMSHITP 2

PARAMETER

ALKALINITY
ALLIMYNUN
AMMONT LM
ANTIMONY
ARSENILC
BOLANCE
BARIUM
BLCOARBONATE
BORON
CADMYUM
CALCTIUM
CHLORIDE
CHROMIUM
COBALT
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROSE BETA
IRON

_EAD
MAGNES LU
MANGANE GE
MERCURY
MOLYBDENUM
NICHEL
NITRATE
NITRITE
ORG. CARBON
Pi-240

PH
PHOSPHATE
Pa-240
PUTASSIUM
RA-226

Ry 228
SELENIUM
SILICA
STLVER
SODTIIM
STRONTITUM
SULEFATE
SULFTDRE

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

UNY T OF
MIFAGHRE
MG/l CACOS
rG/L
MG /L.

MG /).
MG/L.
A
me/L.
MG /1.
MG /L.
MG /A
M /1.
MG/
MG /1.
MG/l
UmMHO /Gt
MG/
MG/L.
PCIL/L
PCI/L
MG/l
MG /L.
MG /L.
MG/L.
MG /L.
MG /L.
MG/l
MG /1.
MG/l
MG /L
PCL/L
SuU
MG/
PCI/L
MG /L.
PCI/L
PCL/L
MG/
Mi3/1.
MG/
MG/l
MG /1.
MG/l
MG /).
G- DEGRFLE
PCI/IL
MG /L.

SHALE
ON-STTF
- LOCATION 1D~ SAMPLE

704-04  0H/414/88
PORAMETER PARAMETTER PARAMETER
VALLIE+/-UNCFRTATNTY VALUE+/~UMCEFRTAINTY VALUE+/-UNCERTAINTY
407 .
0.23

H4.

0.018
0.04
0.74
0.003

520
94 .
0. 45
0.03

5440
9.02
G.77

0.146
0.02

197.
2. 48
0.00 12
009
0.01
4730
b .68
0.3

20.5

0.54Y

8.0

1450,
7o
PRI
¢ 0.1 ,
16.5 /

- \

1D AND LOG

PARAMETER
VALDE+/-UNCERTALNTY

PARAMETER
VALLE+/-UNCERTATINTY
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Table D.5.15 Chemical analyses of groungk er, Green River, Utah, tailings site (Continued)(f

FORMATEON OF COMPLETION: SHALE
HYDRAULIC FLOW RELATLONSHIP: OM-SITE

PARAMFTER
TOTAL S0LING
URANTUM
VANAD LUM
ZINC:

FMAPPER DATA

UNET OF
MEASLIRF
MG /L.

MG /1.
MG/L
nG/L

FILE NAME 2

704-09  05/744/88

PARAMETER
VALUE+/~UMCEFRTAINTY
L4130 .,
2.99
0.08
0.048

GRNO AxUDPBRO 402490

mrm LUGATTIOM 1D = SANPLE ID AND 1LOG DATE s o oo oo e e e e
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATTON OF COMPLETION: SHALE
HYDRAULIC FLOW RELATLONGHIP 2 DOWM GRADLENT

PARAMETFR
ALKALINITY
ALUMENUN
AMMONT U
ANTTMONY
ARGEMILC
BALANCE
BARTUN
BORON
capmIumr
CALCIUR
CHLORIDE
CHROM LU
coBaLT
CONDUCTANCE
COPPER
FLUDRIDE
GROSS ALPHA
GROSYS BETA
TRON

LLEAD
MAGNESTU
MANGANESE
MFRCURY
MOLYBOENLIM
NTCKEL
NITRAYE
NTTRITE
ORG. UARBON
PR-240

PH .
PHOSPHATE
PO-240
POTAGETUNM
RA-226
RA-228
GELENTUR
STLICA
STLVIER
SODTUM
STRONT UM
SULFATE
SULFIDE
TEMPERATURE

TH-230
TIN Q
TOTM. B, oy

UNTT OF
MEASURLE
MG/L. CACD3I
MG/LL
MG/1.
[IEVA
MG/l
4
MG/
MG/L
M3 /L.
MG/l
MG/L
MG/
MG/l
UMt/
MG/
MG/L.
PCI/
rCI/L
MG/L.
MG/
MG/
M/l
MG /L.
M3/l
MG/L,
MG/
mMG/L.
M/
PCIN
SU
MG/l
PCE/L
MG/
PCI/
PCI/N
MG /1.
MG/
MG/l
MG/
Miazl.
Miz/1.
M/l
¢ - DFGREF
POLAL
MG /1
sl

3304 09/ 12/86

PARAMETER

VALUES/=UNCERTATNTY

{

i93.
0.3
1.4
0.003
0.01
0.14
.2
0.4
G004
303,
740,
0.02
0.0%
4509 .,
0.03
1.2
Q.0
0.0
A7 W
.07
GL GO0
0.40
0.GY
44 .
(UM
§20.
0.0
.40
G.1
0.0
10.3
0.7
0.4
0.444
3.
0.01
1270,
4.5

ARG,

17.4
0.7
0.00%

G40 .

Db

.3
1.2

Db

¢

PORAMETE
VALUF+/-UHCERTATHTY

670.
0.4
0.4

327 .
YN

0.02
7040,

0.4

¢.03
136.
0.09

0.4

74

0.7

0.00Y

1570
2500,

4.

H400.,

PARAMETER

UALUE+/-UNCERTALNTY

1030,
< 0.4
Ouh

{ 0.04

1.2
230.
830,

< 0.04

7000,

0.2
0.8 64
0.0 a0,
0. 46

< 0.01

40.

2

6.460

b6

.4 0.3
2.6 f.2
0.049

1690,
2aA0.
16,0

S50 .

VALUE+/—UNCERTATNTY

(

5A3-04  03/43/97 GR3-04  40/02/87 GRI-04 01744788 583~

PARAMETER

1220,
0.2

0.3
0.04

.23

248.
?00.
0.03

4270.
- (
0.36
4. 27.
0. 9. 4
0.56

87.7
0.07

0.09

48.3
279,

b.7

6.68

0.7 0.2
z. 1.
0.104

- ¢

AB7 0.

22¢0.

43.0 }

AZOO . 619

e LOCATION TD = SAMPLE 11 AHD LG DATE mommmmrm s o oo i st i oo = i

04 07/24/08

PARAMETER

VALUE+/~UNGCERTATNTY

15463.

0.06
0.4

0.045
0.04

1.2

0.048

186 .
4420,

0.07

6750.

0.04
0.4
0. 54,
5. 27
0.22
0.02

76.7

0.06
0.0002
0.05

4.4

404.

7 .10

6.8

1.0 0.3
{4 0.9
0062

0.04

1840 .

4440.

0.1

\

\/w
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FOARMATLON OF CORPLETYON: SHAIE
HYDRAULLGC FLOW RELATIONGHIP: DOUN GRADIFMT

1et-a

PARAMFTER
ALKALINITY
ALUMINUINM
AMMONTUNM
ANTIMONY
ARBENTC
BALANCE
BARIUM
BUORON
CADHIURM
CALCIUN
CHLORIDE
CHROMIUM
COBALT
CONDUCTANCE
COPPER
FILUORIDE
GROSS ALPHA
HROSYS BETA
IRON

LEAD
MAGNES T
MANGANE SE
MERCURY
MOLYBDENUK
NICKE)
HITRATE
NITRITF
ORG. COHORBON
PR=-240

PH
PHOSPHATE
1)-2 43
POTALGSTUN
RNA-226
RA-228
SELENTUM
GTLICH
HTILVER
SO0TUM
STRONTEUN
SULFATE
SULEF IR
TEAPERATURK

TH~-230

TIN ( Y
TOTAL SN ., DI

UNET OF
MENSURF
MG/t CACO:
MG/L
Mz /1.
MG/L
MG /L
A
MG/L
MG /.
mMG/L
MG /1.
MG/t
ItTAR
MG/l
UrHI/ZCM
MG/l
MG /1.
PCY/L
PCL/L
MG/l
M/t
MG /1.
MG/l
M/l
MG /L.
MG/t
MG /1.
MG
MG/L
PCI/L
Hu
MG/
FLCL/L
MG/
P/
PLCIAA
Pzl
ML
MG/
Mo
MG/,
MG/
R/l
G~ DFGREF

VALUF +/UNL;

2046,
Ou2
1.0
< 0.003
< 0.04
-0.349
G.2
0.3

< 0.004

57 .5
H3A0.
0.02
{ 0.0
4800.
< 0.02
1.9
( 003
0.03
15.2
0.02
{ 0.0007
0.40
0.04

G
< 0.4
AR,
1.5
?.08
Gud
0.0
4.78
0.2
0.0¢
0.093
G
€ 0.0
ARRG.
3.1
F440.

-~

7.0
O.Lé
{ 0.00h
AR,

34-04  OV/14/86

PARGIETE
ITATMTY

0.3
39.7
Y504

0.02

4250,

4.9

0.4

17.8
0.05

{ 0.1

0.4
1.3 -
.44

D.H -
2.60
0.2 -

1.0 -
¢ 0.002

164G.

345G,

5.0
L -

130,

Q13787

VALUF+/~UNCFRTATNTY
247 .
0.2

0.9

<

202,

0.4
0.7

0.0

0.6
47 .
124,
.04
4629,
1.9
0.0
0.0
QLG8
44.7

M.02
0.04
5.8

4.

7.9%
2.7

0.8
2.8
0,005

1450,

3400.
14.4

5040,

PARAMETER
CVALLIE+/-UNCERTATNTY

LOCATION TD ~ SAMPLE TD AND 106G DATE
) ) 10/706/87

40,
29.

51340 4

263,
0.47
0.5

0.0

0.47

9.4
440,
0.02

$400.
1.76
15.
6.
0.22
12.9
0.03
0.04

0.1

30.

3.0

2.914
0.1
0.2

0. 249

1580,

2L40.
14.0

4930 .

01/ 44/08
PARAMETE
VALUF+/-UN

RTATNTY

19.
13.

G404

’l-'"‘/i -
0.06
0.7

¢.008

0.04
0.6%5
0.003
4h.7
430.
0.02
0.04
5400,
0.04
1.73

.06
0.03
4.4
3.03
0.0002
0.014
0.02
1.0

7 .96
0.3

3.27

0.442
P2
4630.
3.50
3460.
0.4

4(

4930.

09744788
PORAMETER
VALUE+/-UNCERTAINTY
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= ) _
Lo Table D.5.15 Chemical analyses of groun& :r, Green River, Utah, tailings site (Continued)(

FORMATION OF COMPLETION: SHALE
HYDRAUL 1L FLOW RELATIOMGHTE = DOWN GRADTENT

i i e e = LOCATTON 1D = SAMPLE 1D AND LUG DATE —mmm o mmimm st o i i e
G4-04  09/14/86 S34-01  03/43/07 584-04  10/06/87 GM4-04  01/12/88 584-01  05/44/0m

UNIT OF PARAMETER . PARNAMETER PARAMETER PARAMETER PARAMETER
PARAMETFR MEASURE VALUE+/-UNCERTAINTY VAL UE+/~UNMCERTATNTY VALUE+/-UNCERTAINTY VALUE+/-UNCERTALNTY VAI UE+/-UNCERTAINTY

URANT UM MG/l ( 0.0003 { 0.0G03 0.003 0.0009 0.0007
VANAD LUK MG/ 0.27 - { 0.01 0.02 0.04
ZINC MG/L. 0.0432 - 0.024 0.007 ( 0.00%
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Table D.5.15 Chemical analyses of groung .er, Green River, Utah, tailings site (Continued)(\

FORPATTON OF COMPLETION: SHALE
HYDRAUL TC FLOW RELATIONSHIP : DOWN GRADIEHT

PARAMETER
LIRANT UM
VANAD TUR
ZINC

MG/l
MG/
MG/L

4=04 07746798

\

RTATNTY VALUE +/~LINCF

PTATNTY VAL LI +/~UN(

< ¢.0003 < 0.GO0% 4 0.0003 < 0003 { G.0003
¢ 0.04 0.2% - < 0.04 < 004
< 0.005 0.04Yy - < 0.005 0.025

e e vt = CQCATTON TN = GAMPLE 1D AND LOG DATE = m o mom o ot s e oo e s e o

58504 09/42/16 S85-04 03/ 43/87 GBS-04  40/02/87 585-04  04/40/89
UNIT OF FARAMETER PARANETER PARAMETER PARAMETER
MEASURF VAL UE+/~UNCE

PARAMETER
TALNTY VALUE+/-UNCERTAINTY VALUE+/~UNGCERTATHNTY
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FORFATION OF COMPLETION:z

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

SHALE

HYDRAUL LG FLOW BFLATIUNSHIP: DOUN GRADIENT

PARAMETER
AL KALINITY
ALUMTNUM
AMMONT U
ANTIMONY
ARSENTC
BALANCE
BART U
BORON
CADMIUM
CALLCTUM
CHLORIDE
CHROMTUM
CUBALT
CONDUCTANCE
COPPER
FLUDRIDE
GROSS ALPHA
GROSY BETA
IRON

L.EAD
MAGNIESTUNM
MANGANESE
MERCURY
MOLYBDENUM
NI1CKEL
NITRATE
NITRITE
ORG. CARBON
Pl-240

PH
PHOSPHATE
PO-240
POTASSI UM
RA-226
RA-220
SELENIUM
SILICA
STYILVER
supIUuN
STRONT LUR
GULFATE
SULFIDE
TEMPERATURF
TH-230

TIN

mral. S, .

UNTT
FEASU
MG /L
MG /L
MG /L.
MG /L
MG /L
%

MG /L.
MG/L
MG /L
MG /L
MG /L
MG /L
MG /L.
UFIHL /
MG /L
M/l
PCI/L
PCL/L
MG /L
PG /1.
MG/L
MG /L
MG /L.
PG /L
MG /L.
MG /L
MG /1.
MG /L
PCIL
sU
MG/L
PCI/L.
MG /1.
PCI/L
PCI/L
PG /L
MG /L
MG/
MG /L
PG /L
MG /L
LISV
C -0
POT/L
M3 /L.

NIEPa

OF
RE

CACD3

CH

EGREE

VAL UE+/=UNCERTA]

873.
0.02
1.2
0.008
0.04
4.4
0.002
44.9

830.
0.02

5000.

0.04
0.4
O 49.
27. 2.
0.0%
0.01
D.67
0.02
0.0002
0.04

4.4

0.4 0.7
0.074

0.04
4980.
2320,

0.2

16.5

HA30.

4

e o v e e L QCATTON ID = SAMPLE

VALUE+/~UNCERTAINTY

873.
0.04
1.2
0.0414
0.04
1.1
0.004

44.3

B70.

0.04

5000.
0.04
0.4
0. 45,
4. 25
005
0.01
P4
0.02
0. Q00
0.02

0.3 0.2
(L) 0.7
0.056

0.04
1940.

2830 .
0.1
16.5
- /
. - \
LBa40.

58504 07743/60 SRE-02  07/43/88 CHU-03 07/ 41/80
PARAN PARAME TER PARAMETER

VALUE+/=UNCERTALNTY

3873,
0.04
1.2

0.044
0.04
1.2
0.008
44.3
330.
0.01
HO00.
0.04
0.4
0. 48.
i4. 26.
0.28
0.02
?.5¢
0.02
0.0002
0.01

S.7

240.
7.22

4.3
0.3 0.2
0.2 0.9
0.0%9
0.04

1950,

2450.
0.2

6.5

H640.

H8Y-04

PARAMETER

873.
0.014
1.2

0.014

0.014
1.2
0.004
AZ2.H
830.
0.01

5000.

0.04

0.4

g. 3.
i1. 25.
0.0%

0.02

?2.78

0.02

0.000%
0.04

5.6

6.4
0.05%4

0.04
1930.

23%0.
0.1
16.5

aH20.

VALUF+/~-UNCFRTAINTY

x® B

3

I AND [LOG DATE oo omom
07/48/88

15-05  07/48/88

PORAMETER

VALUE+/-UNCERTAILNTY

873.
0.01
1.2

¢.007

0.04
1.4
0.00%
44,9
840 .
V.04
SO00.
0.04
0.4
0. 47 .
i2. 26.
0.0%
0.04
9.57
0.02
0.0002
0.04

Bah

224,

7.22

4.4

0.3 0.2
0.3 0.9
0.054

0.0
19220.

2370.

0.2
46

WAZO



9¢1-a

C

FORMATION OF COMPLETINN: SHALE
HYDRAUL 1C FLOW RELATIONSHIP = DOUN GRADTENT

Table D.5.15 Chemical analyses of grounc( -r, Green River, Utah, tailings site (Continued)(

T e e e —— = LOUCATION D = SAMPLE 1D AND LOG DATE e e
585-04  07/413/08 BiL-02 07748/ HWiH-03  07/18/80 H85-04  O//48/88

UNIT OF PARAR R PARAL

PARAMFTER MEAGURF VALUE+/-UNCERTAINTY VAL UF+/-Uni

TER PARAMETER PARAMETER

PARAMETER

URANT LR MG/L. < 0.0003 { ¢.0003 <
VANAD LU Musl < 0.01 ( 0.04 {
ZINC MG /L. { 0. 008 (

0.0003 0.0003 < ¢.0003
0.01 { 0.01 ( 0.04
0005 0.048 { 0.00% < 0.00%

HaL-0%  07/41/88

RTAINTY VALUE+/=UNCERTAINTY VALUE+/~UNCERTATNTY VALUE+/-UNCERTATNTY
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATTION OF CUMPLETION: SHALE
HYDRAULIC FLOW RFLATIONSHIP: DOUM GRADTEHT

PARAMETER
ALKALINTTY
ALUMINLN
AMMONITUM
ANTIMONY
ARGENTC
BALANCE
BARTIUM
BORON
CAbRIIM
CALCIUNM
CHLORIDE
CHROMIUN
coRaLT
CONDUCTANCE
COPPER
FL.UORIDE
GROSS ALPHA
GROSY BETA
IRON

LLEAD

MAGNES TUM
MANGANESE
FMFRCURY
FOLYBDENUM
NTCKEL
NITRATE
NITRITE
ORG. CARBON
PR-24¢

PH
PHOSPHATE
PO-240
POTASSTUN
RA-226
RA-228
SELENTUM
SILICA
STLVER
snnun
STRONTYUNA
S FATE
GULFIDE
TENPERATIRE
TH-230 /
TIN

TOTAL Sie o8

LNIT 0OF
MEASURE

MG/l CALO3
M /1.
[ [EVA
P/l
M /L
A
MG/L.
MG/
MG/
MG/
MG /L.
M /1.
MG/l
UriHO /¢
MG/
MG /L.
PCI/ZL
PCI/L
MG/t
MG/l
MG /L.
MG/
MG/
MG/
MG/L.
MG/L.
MG/l
MG/l
PCT/L.
ou

MG /L.
rCL/L
MG/
PCLsL
PCLA
M/l
MG/l
MG/l
MG/
M/l
MG/t
MGzi.
= DEGRFI
PCY/L
M/l
IR VA

10/ 23/17
PARNAMETER
VAL UF+/-UNCFRTAINTY

<

B092-04

530.
0.4
0.6

0.04

33.
P2,
0.01
5500.
1.9
0.0
0.0
0.03
16.
0.01

0.04

1.0

4.4
0.6
.5
0.005

1670.

3440,
15.0

H340.

e

BOY-04 04707708
PARAMETER

VALUF+/~UMCFRTATNTY

405 .

( 0.1

G.7

0.044

0.64
R7 W7

100.
0.02

5240 .

1.93
33. 0.0 f.4
314. 0. .7
0.43
4.9
0.09

0.04

< 0.4

148.

8.3

A.44

0.2 0.2 0.2

4.3 0.9 0.9
0.124

1800,
Jz7C.
4.4

-

5400,

e LOCATITON 1D

- SAMPLF 1D AND LOG
B40-04

A0/ 26787

POARAGMETER

VALUE+/~UNCERTAINTY

<

3869,
0.1
0.3

0.04

0.6
7.7
H50.
0.04
4200,
5?4
0.0 28.
0.0 23.
0.03
4.70
0.4

0.014

1.0

3.
8.3

.29
0.1 0.2
£.0 1.4
0.00%

t140.

&70.

16.Q

27450,

<

DATE
340-04

04707788

PARAMETER

VALUF+/~UNCFRTATINTY

423,
0.4
0.4
0.04

0.59

£7 .4

1%50.

0.07

4440.

3.27
10. 16 .
7. i3.
.32

6.4
0.21

0.04

0.1

?9.4

8.05

2.5

0.2 0.2
1.3 0.9
0,083

12130,
2440,

4.3

3970,

B840-04 07/746/48

PARAMETER

VALUE+/~-UNUCERTALINTY

406 .
0.09

0.1
0.042

0.04
0.714
0.003
2/7.9
150.
0.04
$000.
0.02
2.7
0. 25.
0. i5.
0.04
0.014
13.7
0.08
0.0002
0.03

4.

1014,

22

B
3.8
0.4
0.5
0.0714
0.04

4420.

279G.
D.4

~

(

ATHO .
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Table D.5.15 Chemical analyses of groundw. ., Green River, Utah, tailings site (Continued) <

FORMATION OF COMPLETION: SHALFE
HYDRAUL TC FLOW RELATIONSHIP: DOUN GRADLFHT

e e o o= L OCATTON ID = SAMPLE 1D AND LOG DATE = wmmm o oo o oo oo e e
BO9-04  40/23/87 BO9-04  04/07/88 B40-04  40/26/87 B40-04  04/07/88 B10-04  07/46/88

UNITT OF PARAMETER PARAMETER PARAMETER PARAMETER PARAMETER
PARAMETER MEASURE VALUE+/~UNCERTATNTY VAL UF+/-UNCERTATNTY VALUF +/-UNCFRTAINTY VALUE+/~UNCERTAINTY VALUE+/~UNCERTAINTY

URANT UM MG /L. < 0.002 0.0014 0.00% 0.004 0.0042
VANAD UM MG/l < 9.04 0.01 { 0.04 < 0.01 < 0.04
ZINC MG/, < 0.00% ¢.007? € 0.00% 0.427 0.043

MAPPER DATA FILE NAMEz GRNOAXLUNPGUN 102489
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FORMATION 0OF
HYDRAULIC FLOW RELATIONGHIP @

PARAMETER
ALKALINITY
ALLUPINUR
ARMONT UM
ANTLIHONY
ARGENLC
BALANCE
BARIUM
BORON
CADMILUM
CALCTUR
CHLORTDL
CHROMLUNM
coBaLT
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROSHS BETA
IRON

LEAD
MAGNES T LN
MANGANLSE
MERCLIRY
PIOLYBDENLIM
NICKFI.
NITRATE
NITRITE
ORG. CARBON
PH
PHOSPHATE
POTASSTUM
RA-226
RA~228
SELENTUN
SILICA
BILVER
G001
STRONTELIR
SULFATE
SULFID
TEMPERATURE
TIN

TOTAL SOLIDS
URAN LN
VANﬁHI(\
ZING

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETION: CONGLOMERATE
P GRADTFNT

UNTT OF
MEASURE
MG/L CALGS
M/t
Mei/t.

MG /).
MG /1.
%
MG/l
MG/l
MG /L.
MG/l
MG /L.
Mo
MG/l
UMHO/CM
MG/
M/l
PCI/L
PCL/L
MG /L.
MG/
MG/
MG/,
MG/l
NEETA
MG/L
MG/
MG/
MG/l
HU
M/t
MG /1.
ret/l
PCT/L.
rG /I
MG /1.
MG A
nG /L.
M/
MG/
M/l
G - DEGREF
M3/
MG /L.
MG/l
M /L.
MG /1.

P ARANME

R

UALUE+/NUNCFR{ATNTY

<

<

4H00.
0.7
0.4
0.003
0.01
0.22
0.4
0.9
0L004

349 .

126.
0. 04
0.43

4HQ00.

0.0%
i

0.06
0.01
150
0.3
0. 0007
0. 44
0.0Y
44 .
0.1
7.3
0.1
B.44

0.00%
4.
0.01

4740.

0.8

4330 .

18.
0.00%

7420,
L0701
(LI
0.0 15

=04 OA/0%/84 BAHZ-02  QH/05/86
PAHRAMETER
VAL +/-UNCFRTATNTY

400 .
0.2
0.1
0.003

( GL04

0.25
Q.2
0.4

< 0.004

368,

127 .
0.04%
O

6000,
Q.04
0.9

o~

0.08
< 0.0
144,
0.39
¢ 0.0002
0. 41
0.09
bb.
< 0.4

¢ 0.00%
4.
< 2.0
4630,
4.2
4560,
i6.
< 0. G0Y
690,
.02
(U Ve
O.044

o~~~

m - SAMPLE

H6H2-03

PARAMETE.
VALUE+/-UMCERTALNTY

600,
0.2
0.4
0.003
0.01
0.2%
0.2
0.4
0.004

348 .

127 .
0.04
0.4

4H000.
0.04
0.9

0.08
0.04

144.
0.39
0.0002

0. 114
.09
bb .
0.4

7.3
0.4
8.63

0.00%
4.
0.04
4830
14.2
4460,
103,
3.005
At
S0.02%4
0.44
0.047

th AND 1.OG DATE
DH/05/86

o~

BAH2-04  04/705/86
PARAMETER
VALUE+/~UNCERTALNTY

600.
0.2
0.4
0.003
0.04
0.26
0.2
0.5
0.004

3469,

127 .
0.04
0.

6000,
0.4
0.9

Q.08
0.01
f44.
0.39
0.0002
0.41
0.09
6%,
0.4

7.3
0.4
8.83

0.005
4.
0.014
1830.
£4.2
44460 .
At
0.00%
7920,
0.0334
(O |
0.046

5462

0%

HOO .
0.2
0.4
0.003

< .01

0.23
0.2
0.4
4 0.004
368 .
427 .
0.04
0.1
6000.
0.04
0.9

~

0.08
¢ 0.01
444.
0.39
¢ 0.0002
0.44
0.09
68.
¢ 0.4

7.3
( 0.1
8.83

¢ 0.005
4.
< 0.04
183¢ .
£4.2

4460.

A8

¢ 9.005
79

35

?)

lQudié

PARAMET
VALUE+/-UNCERTALNTY
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(’ Table D.5.15 Chemical analyses of ground{ r, Green River, Utah, tailings site (Continued) <

FORMATION OF COMPLETION: CONGLORERATE
HYDRAULTEC FLOW RELATIONSHIP 2 UP GRADIFNT

A S04 4408 et i o ket S48 S48 P o Cand 408 08 At 4 S 2 Cam S m £ 11D Sheh 1008 500 S e e em -4 1210 200 [“r:ﬁl ' ”N T N - s‘;(_“r”.‘lF mn AN[) I”G r)A”: S o e e e it e tas e G103 4 oot < e aen Shen 8o 1 00 O S S e b A2 0 e e e e o

HAR-04 0907786 B42-04 0N/ 27/87 BAZ-04 40702797 H62-04 04705788 H62-01  0S/742/88

UNIT OF P PARAN
PARAMETEF MEASURE VALUE+/~UNCERTAINTY VALDIE -+ /- UML

PARAMETER PARAMETER PARAMETER
TAINTY  VALUEH/=UNCERTAINTY  UALUE+/=UNCERTAINTY  VALUE+/~UNGCERTAINTY
ALKALINTTY  HMG/L CACO3 704. 745, 594 . 635, 660,

ALLLMINUM MG/L 0.2 ( 0.4 < 0.4 0.2 0.24

AMMON T U MG/ 0.3 ¢ 0.4 < 0.4 < 0.4 0.2

ANT IMONY MG /L ¢ 0.003 - - - :
ARSENIC MG /L. ¢ 0.04 = ¢ 0.04 ¢ 0.004 0.040
BALANCE % ~0. 16 - - - -
BARIUM MG/L 0.2 - - - 0.04
BORON MG/ 0.9 - 0.59 0.7 0.74 0.82
CADMT UM HG/L ¢ 0.004 - - - 0.00%
CALLCIUR MG/l 324, 298 300. 270. 328,
CHL.ORTDE MG /L. 60. 148. 129. 120. 150.
CHROMEUM MG/ ¢ 0.04 0.02 ¢ 0.04 0.04 0.09
CORALT MG/L. G.06 - - - 0.02
CONDUCTANCE  UMHY/CH $200. 4578 7700. 4700. 6240.
COPPER MG /L. 0.03 - - 0.04
FLUBRIDE MG/L 4.0 0.73 0.9 0.84 0.4
GROSS ALPHA  PCI/L - - 8e. 74. 100. 40. -
GROSS BETA  PUL/L - - 0.0 40, 39. 29. -
IRON MG/, 0.37 0.0 ¢ 0.03 0.49 0.44
LEAD MG/ ¢ 0.04 - - 0.02
MAGNES T UM MG/L. 144, 150 467 . 123, 124 .
MANGANE SE MG/, 0.43 0.09 0.49 0.49 0.47
MERCURY HG/L ¢ 0.0002 - - 0.0044
MOLYBOENUM MG/ 0.8 ¢ 0.4 0.02 0.42 0.07
NLCKFI. MG/L. 0.05 - - - 0.05
NITRATE M3 /1. 130. 134 173 b2 130.
NITRITE MG ¢ 0.4 - -

ORG. CARBON  Mu/1. - - 25. 237. -
PH 80 7.08 6.93 6.9 6.9 6.08
PHUSPHATE MG/ L. ¢ 0.4 - - - 0.3
POTASSTUM MG /L., 8.44 5. 40 7.2 .25 7.39
RA-2264 PCL/L - - 4.3 0.3 .2 0.2 -

9
1

RA-228 PCI/A, - - 1.8 4.0 -
SELENTUM izt ( 0.005 0.2 D.020 - 164 0.460
H1L.1CA MG/l 4. - - - Y4
SILVER ML < 0.01 - - -

SODTUM MGt 1900. 4940, G750, AN70. 1870.
STRUNTIUN 571 0.8 - - - .83
SULFATE MisAA. 4480, 4540, 4400 . AL50. 4330.
SULFTBE MG/l - - - - ( 0.1
TEMPERATURE € - DEGREF (EAIOS 6.4 16.5 15.9 16.5
TEN M/l { IR - - -
TOTAL SOLTDS PG/ FAb0, TEAC, /A0, 7G70. 7490.
LIRAN UM Mz, D.O0%4 2.0442 0. 446 0.0792 0.0402
VANAD TN M. 0.0 - { O.C1 0.04 0.G%

Z NG [ A1 0. 20 - 0.022 0.007 0.006

SO O
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FORMATION OF COMPLETION: CONGLOMERATE
HYDRAULIC FLOW RELATIONGHIP: UP GRADIFNT

Table D.5.15 Chemical analyses of groundSi .+, Green River, Utah, tailings site (Continued) <

o i e | QGATTON IO = SANPLE 1D AND LOG DATE == e omom s ot o
HA3-01  05/40/80

UNET OF PARAMETER PARAPMETER PARAGMETER PFARAMETER

PARAMETIER NFAQURF UﬂIUF*/ UN(IRIﬁINTY UanIO/ UNIFP!AIP UALHF+/ JN\IPIAINIY VALUE+/~UNGFRTATNTY VALUF 4+ /7~UNCERTATNTY
ALKALINITY Mb/L (At“« 674.
AL INUN MG/ 0.49
AMMONIUNM MG/l < ¢G4
ANTIMONY MG /L. -
ARGENIC MG/t 0.0416
BALANCE A -
BARTUM G/l Q.04
HUORUON MG/ 0.13
caprIumM MG/ 0.00%
CALCIUM MG/ 253.
CHLORIDE MG/ 130 .
CHROM TUR MG/ 0.08
CoBAaLT PG/ Q.07
CONDUCTANCE  UMHO/CH 46520,
COPPER MG/L. GuL01
FLUDRIDE MG/ .99
GROGS aLPHA  PCI/L -
GROSS BETA PCI/A. -
1RON MG/ Q.08
LEAD MG/ 0.02
MAGNEFS T UM MG/L. 4144.
PIANGANE SE M/l 047
MERCGURY MG/l { 0.0002
PHOLYBUE MU MG/t 0.43
NICKFL MG/L. 0.0%
NITRATE MG /L. Héh.
NITRITE MG/ -
ORG. CARBON  MG/L. -
PH 50U 6. 08
PHOSPHATE MG/ 0.3
POTASS LM MG/ 7.24

4 PCL/L -
PCIAL -
M/l 0.434
MG /1. ?.2
Gl MG/ -
SODTUNM MG/ 1940.
STROMTY UM NIV V.05
SULFATE MG/ AP0,
SULFIDE MuAl, ( 0.1
TEMPERATURE € ~ DEGRFE 17 .5
TIN MG/l -
TOTAL, SOLLIDS MG, AN
URANT M W IETAR 0., 0700
VANAD LU MG/). OL04
ZING MG A 0,006
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FORMATION 0O

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FoCcorPiETION:

CONGLOMERATE

HYDRAULIC FLOW RELATTONSHIP x ON-S17TE

PARAMETER
ALIKALINITY
ALUMINUTM
AMIMONT UM
ANTIMONY
ARSENIC
BALANCE.
BARTUM
BORON
CabMiun
CALCTIURM
CHLLORTDE
CHROMIUR
coBal.T
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROBE BETA
IRON

LEAD

MAGNES TUM
MANGANESE
MERCURY
MOLYBDENLUM
NICKEL
NITRATE
NITRITE
ORG. CARBON
PB-240

PH
PHOSPHATE
PU-240
POTASSIUN
RA~226
RA-228
SELENTUM
STLICA
BELVER
GONIumM
HSTRONT I
SULFATE
BLILFTDE
TEMPERATURE
TH-230

TIN &\
TOTAL &0

UNLT OF
MEASURE
MG/L. CACO3
MG/

MG /L.
MG/l
MG/l
%
MG/l
MG /1
MG/L.
MG/
MG/L
MG/L
MG/L.
UMHO/CH
MG/L.
MG /L.
PCI/I.
PCI/L
MG /L
MG /1.
MG/L.
MG/l
MG/
MG/l
MG/
MG /L.
MG/L
MG /L.
PCI/L
SU
MG/l
PCI/L
MG /L.
PCL/L
PCT/L.
s/
MG/I.
MG/l
MG/
MG/
MG/
MG/l
G~ DEGIIL
PCLALL
MGAA.

a MGl

H84-04 09/ 44/784

PARAT

VALUE+/-UNCFRTAINTY

0.01
~0.24
0.4
0.9
0.004
29.5
100.
O.04
0.0%
H5000.
0.02
1.3

(035
0.1
0.3
0.02
QL0002
0.0y
QLG4
4.2
0.4
120.
0.5
7.94
0.4
0.0
3.846
1.2
0.2
O.124
8.
0.04
1AHR0 .
2.5
2RO

17 .

RIS

(L0
4770 .

4042,
0.2

0.8
0.7
20.5
5.4
0.04

4400,

1.2

0.04
9.5
0.03

i 0.9

0.4
4.3 -

0.5 -
1.8&
0.5 -
{4 -
( 0. 002

540G

2380,

id.5
i.7 -

A7900.

VALUE+/~UNCERTATNTY

~ LOCATION TR - S5AMPLLE
S 4-04

UATUE+/=-UNGE

@73,
0.4
[

0.04

0.8
i8.14
209.

0.01
HSOO?

1.2
0.¢
v.9
0.03

2.24
0.7

2.7
0.00%

ih2a.

’D'."-I.Iv\'s
LR

6.0

4% 20,

ID AND LOG DATE
10/0%/17

AVINTY

P64,
0.09
0.5

Q.03

0.83

20.0
130,
0.02

4900 .

.43
7.
2.

0.42

9.74
0.04

( 0.04

< 0.4

248.
7.8

2.2
0.2 0.3
0.2 0.3

0.157

1640.

2570,
5.0

hH30) .

584-04  Of/42/88
PARAME TER
VALUE+/-UNGCIRTAINTY

24.

16.

0,049

4 0.04
0.4
0.005

22.14
480.
0.01
( 0.04
4920.

< 0.014
.42

{ 0.014
0.09

8.83
0.04
0.0027
0.02

( .04

( 0.1

7.75%
0.6

2.51

0.09%
8.8

1680,
2.60

2460 .
4% .4

4430 .

-04 05/44/88
PARAMETER
VALUE+/-UNCERTAINTY



vy 1-0a

JANALD TUR

FORMATION OF COMPLETION: CONGLOMERATE
HYDRALL TG FLOW RELATTIONGHIP: ON-GITE

534-049  0v/41/86
UNTT OF PARAMETER
PARAMETER MEAGLURE VALUE+/~UNCERTATNTY
URANTUM MG/L. < 0.000
MG/l 0.22
MG/L. 0.040

ZINC

MAPPER DATA FILE NAME:z GRNOAXUDPGURA02487

Table D.5.15 Chemica]vana]yses of ground( .r, Green River, Utah, tailings site (Continued) (

v

LOCATION I ~ SAMPLE TD AND LOG DATE —omm s i o e

03/ 43/87 SB4-04  40/05/87 SBA-04  01/42/88 G84-04  05/44/88
PARAMETER PARAMETER P ARAMETER PARANETER

VALUE+/=UNCERTAINTY  VALUF+/=UNGERTAINTY  VALUE+/-UNGERTATNTY  VALUE +/~UNCERTAIMTY

0.0040 € 0.0003
.01 ( 0.04

0.006 0.047

B4-04

{ 0.0003 < 0.002
- < 0.014 <
- 0.007



Sp1-d

FORMATION OF

PARAMETER
ALKALTNITY
ALUMINUN
ARMON UM
ANTIFHONY
ARSENTC
BALANCE
BARTUNM
BORON
cantiur
caLcIun
CHILOR1DE
CHROMIUN
COBALT
CONDUCTANCE
GOPPER
FLLUORIDE
GROSYG ALPHA
GRUSYS BETA
IRON

LEAD
MAGMESTUM
MANGANESE
MFRGURY
MOLYBOENUR
NICKEL
NITRATE
NITRITE
ORG. LARBON
PH
PHOSPHATE
POTASSIUNM
RA-226
RA-228
SELENTHN
GTLICA
SULVER
SODIUN
STRONT LUM
SULFATE
TEMPERATURE
TIN

TOrAL SOLIDS
URANT UM
VANAD (LY
ZINC <

Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

COMPLETION:
HYDRALLIC FLOW REDATIOMGHTP &

UNIT OF
MEASLIRE
MG/l CACO3
1M /1.

MG /L.
MG /1.
MG/
A
MG/l
MG/
MG/t
MG/
MG/l
MG/l
MG/L.
UMHO /M
MG/
MG/
PCY/IL.
PCL/L
MG/
M /).
MG /L.
MG/
MG/l
MG /L.
Me /1.
MG/L.
MG/
Miz /L
G
M/,
MG/
PFCL/IL.
PCI/A
HG/1.
MG /1.
M.
MG/
M.
MG/L.
C - DEGBREE
MG /L.
VIEVA
MG/t
M/l
MG/

CONGLOMERATE
CROSS HRADIENT

HhH 404

PARAMETER
VALUE+/~UNCERTAINTY

745,
3.1
1.2
¢ 0.003
< 0.04
~3.92
0.4
O.4
{ 0.001
101. -
190. v
0.04
¢0.09
2200.
0.04
2.9
P53
< 0.04
2.2
0.87
( 0.Q002
0.43
0.08
0.3
( 0.1
B.46
0.4
H.9u
< 0.00%
4.
€ .01
L5 .
0.5
700,
19.
< (. 005
1740,
00000
0.1

G067

e e e | GCATTOM TP = SARPLE

0A/D4/ 14

544014

PARAMETIR
UALUE+/-UNCERTALNTY

707 .
H.3
.0
0.003
0.04
1.0%
.3
0.9
0.004

7.4

430 .
0.04
Q.06

A200.
007
3.2
2.4R
0.04
J.04
0.12
G 0007
0.4
0.G4

G.1

g.20
0.
240

0.008%
4.
Q.0
840.
0.2
484,
19.5
Q0.00%
{70
0.0004
0.4
(ra Q70

0Y/07/86

bé 404

790
0.8
0.6

723,

670Q.
7.0
24280,
Q.00

hoaND .06

0r/27/87
PARAMETER

VALUE+/-UNCERTAINTY

DATE  mom e oo s e om o
HH 404

10704787
PARAMETER

VALUE+/-UNCERTAINTY

<

406.

3.
e
2.

-

2.2 0.9
0.00%
4680,
650.
7.0
4370,
0.003
0.04
0.00%

56404 04/710/808

PARAMETER
VALUE+/-UNCERTAINTY

606.
0.7

0.7

0.04

0.74

4,40
240.
0.02

2330.

0. 4.
0. 1.

136,
8.5

.44
0.1 0.1
0.3 0.8
0.0514

bLH6 .

A4 .

149,59

1900,

( 03
L Ad

A~
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Table D.5.15 Chemical analyses of grouno( .r, Green River, Utah, tailings site (Continued)<

FIRMATEION 0OF COMPLETEON: CONGLOMERATE

HYDRALUL LT

PARAMETER
ALKALINITY
ALUMTNUN
AMMUNTUNM
ARSENTC
BARIUM
BORON
capmrun
UALCTUM
CHLORIDE
CHROM UM
CONDUCTANCGE
COPPER
FLUORLIDE
GROSS ALPHA

GROSS BETA
FRON
LEAD

MAGNES TUR
MANGANESE
MERCURY
MOLYBDENUM
NITRATE
ORG. CARRBON
PH
POTASS
RA-224
RA-228
SELENIUN
SIILVER
SONIUM
SULFATE
SULFIDE
TEMPERATURE

Tum

TOTAL SOLIDS
URANTLUM
VANAD LUK
ZINC

UNIT OF
MEASURE
MG/1. CACO3B
MG/l
MG/l
MG/L
MG/

MG/l

MG/

MG/

MG /1.

MG/L
UMHO/CH
MG/L

MG/l

PCI/L
PCI/IL.

MG/

MG/l

MG/l

MG/1.

MG/

MG/

MG/l

MG/

GU

MG/1.

PO/
PCI/L

MG\
MG /L.
M/t
MG/
MG/L
G -
MG /L.
MG /L.
i/l
M/t

DEGREE

FLOW RELATTONGHIP :

34504

UALUE+/~UNC

¢
{

DOUN GRADT

£0/24

427 .
0.4
0.3
0.04

0.6

7.4
93¢ .

.01
385H0.

3.2
0.0
0.0
0.03
2.74
004

0.04
1.0
10.
B.4%
.43
0.3
Q.0
0.009
P60.
480,

5.

2860.
0003
0.04
0.042

ENT

/87

37.

28.

0.2

4.2

34504

04705788

PARAME TER

VALLIE+/~UNGERTALINTY

<

Yabh.
0.4
¢.3
0.002

0.57

B.48
?G0.

V.03
3765 .

3.21
4. 16.
46 . i9.
0. 44

2.64
0.01
0.0%
0.1
143.
.20
Y
D.A 0.2
[ 0.4
0027
1070.
L2,
4.4
2PI0.
0,003
0,04

L 00e

LOCATION TD -

845-014

SAMPLE
0/7146/88

1D AN LOG DATE

502

(077446/88

834503 07/146/88

PARAMETER

VALUE+/~UHCERTAINTY

{
<

~

432.
0.01
0.4
0.005
0.0
0.49
0.002
7.94

230.
0.01

3650 .
0.014

29.
49 .

0.04
1050,
B29.

0.

46.0
2000,

0.0003

0.01

0. GO%

VAL UE+/~UNCE

o~ o~

PARAMETER

432.
0.014
0.4
0.003
0.05
0.467
0.003
7.72

1020.
.01

3650.
0.04
3.3
9. 16.
14. 9.
0.014
0.04
72.9
0.04
0.0002
0.03
14.

440.
8.27
1.9
0.1
0.2 0.8
0.039
0.04

1050.

Hh3.
0.1
16.0

2830.
0.0003
0.01
0.00%

PARNMETER

VALUE+/-UNCFRTAINTY

{
(

~

432.
0.04
0.4
0.004
0.0%
0.67
0.003
/.72

1020.
0.01

36L0.
0.014
3.3
Q0.
7.
0.04
Q.01
2.48
0.04
0.0002
0.03

i1.
443.
g.227
1.7
0.4
0.0
0.034
004
4040,
S48 .
0.4
1640

2850.
0.0003
0.04
0.00%

24.
14.

0.
o/

C

2




Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETTON: CONGLOMERATE
HYDRAULIC FLOW RELATIUONSHIP 2 DOWN GRADIEHT

3AG%-04 07/ 44/88

PARAMETER

e LOCATTOMN TH -~ SAMELL
07746704

T AND LOG DATE = mmommim e o o e

PARMNMETER

PARAMETER PARAMETER
VALUE+/~UNCERTAINTY VALUE+/~UNCERTAINTY

UNIT OF

Ly1-0

PARAMETER

ALKALINITY
ALUMINUH
AMPMONTUN
ARSENIC
BARIUM
BORON
CADMYUM
CALGTUN
CHLORIDE
CHROMTUM
CONDUCTANCE
COPPER
FILUORIDE
GROSE ALPHA
GROSS BETA
FRON

LEAD
MAGNES T UM
MANGANESE
MERCURY
MOLYBDENUM
NLTRATE
ORG. CARBON
PH
POTASSIUN
RA-224
RA-228
SELENLUM
STLVER
SUOTUM
SULEFATE
SULFIDE
TEMPFRATURE
TOTAL SN THS
URANT LM
VANAD LUM
ZING

MAPPER DATA

MG/L.
MG/t
MG /L.
MG/l
MG /L.
M/
MG /1.
MG/l
MG/,
MG/L
UrHO/ZCH
ML

MG/

PCI L
PCTI/L.

M/l

MG/l

MG/l

MG/

MG/l

MG/

MG/t

MG/l

5U

MG/t

PCI/L
PCT/L

MG/

MG /1.

MG/

MG/

MG/l

C - DEGREF
MG/

MG /).

M/l

MG/

CALDOD

FEVE NAME:

<
{

0.1
0.004
0.0%
0.h7
0.002
7.70
P60 .
0.01
3650 .
0.04
3.3
0. 19.
0. 10
0.04
0.04
2.hbh
0.01
0.0002
0.0H
14,
144,
a.27
1.7
0.4
0.3
0.034
.04
4030,
LAR,
0.1
46 .G
2820,
0.0000
0.04
000

0.2
0.7

GRNO 4% LIDP AL 402 4628

VELUE+/~UMCERTATHNTY

(
<

437 .
0.04
0.4
0.003
0.0
067
0.003
/.74

P60 .
0.014

JHN0.

0.04

J.3

0.

0.

0.01
001
2046
.04
0.0002
.03

12.

440.
B.27
4.7
0.4
0.3
0,029
Q.04

4050
LRG .
0.
16,0
7840,
L0008
0.02
QL0084

VALUE+/~UNMEEITATNYY
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FORMATION OF COMPLETYON:

Table D.5.15 Chemical analyses of groung;““er, Green River, Utah, tailings site (Continued)<

SANDGSTONE

HYDRAULIC FLOW RELATIONSHIP: UP GRADTENT

PARAMFTER
ALKALINITY
ALLLMINUM
AMMONTUM
ANT THONY
ARGENILC
HALANCE

BAK LU
HORON
CaADMIUM
CaLGIun
CHLORIDE
CHROMI UM
copaLt
CONDUCTANCE
COPPER
FLUORIDE
GROSS ALPHA
GROSH BETA
LRON

LEAD

MAGNES 1M
MANGANESE
MERCURY
FMULYBIENUM
NICKEL
NITRATE
NITRITE
NRG. CARBON
PH
PHOSPHATE
POTASS UM
RA-224
RO-228
SELENTUN
GIL.1CA
STLVER
SODITUN
STRONTYUM
SULFATE
SULFEDE
TEMPERATURE
TH-230

TIN

TOTAL $0LIDS
URANTLIM
VANAD TN

UNLT 0OF
MEASURE
MG/, CAcos
MG/
MG/
MG/
MG/l
%
mG/L.
IEVAN
rG/st.
MG/
MG/
MG/
MG/l
URHO/ZCH
MG/
M/l
PCI/L.
PLL/L
MG/
MG/
M/t
FIG /.
MG/
MG/

M /1.
/L
MG /L.
M/l
SU

MG /L.
MG /1.
reY/L.
PCLA.
M/l
MG /1.
MG/
MG/
MG/l
MG/
MG/
G~ DEGREF
PeEAL
NIVAN
M3 /0.
MG/l
MGl

e

H86~04  0v/44/84
PARAMFETER
VALUE+/~UNCFRTAITNTY
720.
0.5
1.0
4 0.003
4 0.014
-2.79
{ 0.4
0.6
{ 0.004
g.20
140.
.03
4 o 0.08
2500.
< Q.02
2.7

0.07
0.04
3. 48
0.03

{ 0.000%
0. 14

W92
{ Y
8.20

0.036
0.
¢ .01
480.

0.2
699

46 .

< GL00y
1920.
¢L004%
0.19

536-01  03/43/87
PARAMETER
VALUE +/~UNDFRTATNTY
44,

0.4

2.4

0.7

Ho AP

e e
442
0.064
2300.
3.9
1. 4.
4.5 5.7
< 0.0
2.20
0.02

( 0.4
0.4

40,54

-
2,44

Oud

( 0.002

643 .

700,

16,5

Q. 0.4
1920,

OL0ODAA

e e LOCATTON 1) -

BRE~-0 4

SAMPLEF
10/0%/87

PARAMETER

VALLIF+/~UNMCERTALMTY

<

o~

L69.
0.4
0.2
0.04

0.6

12.3
183.
0.014
2400.
2.6
0.0 )
0.0 14,
0.0
4.5
0.01

0.01

4.0

b

&4

4.34

0.1 0.1
1.2 ¢.8
0.00%

HA0

HF0 .
7.0

1430,
0.003
0.0

IR AND LOG DATE
HR46-04 04/07/88

¢

PARAMETE
VALUE+/-UNG

HREG.
0.1
0.4

0.03

0.6%
12.5%
180.
0.07
2290,

0.84
2.5
?.
.34
3.45
0.014

C0.02

0.4

447 .
8.0%

434
Ou
0.3
0.024

682

702.
16.0

16870,

¢.Q0427
0.04

8.7
40.

58704

0P/ 44/86

PARAMETER

VALUE+/-UNCERTAINTY

A~

842 .
0.8
1.0
0.003
0.04

~2.08
Q0.1
0.4
¢, 004
.48

490.
Q.04
¢L0h

3500.
0.0
3.¢

0.04
0.01

0.0414
0.03

0.0002
0.09
Q.04
4

0.1

14,49
0.1
17 .4

0.406
13.
0.01
730.
0.1
H46.

i7.

0.00%
1990,

0.0003

0.22
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Table D.5.15 Chemical analyses of groundwater, Green River, Utah, tailings site (Continued)

FORMATION OF COMPLETINN: SANDSTOME
HYDRADLLEC FLOW RELATIONGHIP: UP GRADIFNT

i s i e | CATTOM TP = SAMPLE ID AND LOG DATE - -
BB4=04 09/ 14/86 BRO-01  03/43/87 BRé-04  40/05/87 58404 01/07/¢ 587-04 09/ 11/86
UNLT OF PARAMFETER PARAMETER PARAME TER PARAMFE TER PARAMETER
PARAMFTER MEASURE VALUE+Z-UNCERTAINTY  VALUE+/~UNCFRTAINTY  VALUF+/~UNCERTAINTY  VALUE+/-UNCERTAINTY  VALUE+/~UNCERTALNTY

ZTNC M /1. 0.04% - ¢.007 G.0A2 4 0.00%




